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略語表 
本論文において以下に示す略語及び略号を用いた。 
Ac   acetyl 
ACE   angiotensin converting enzyme 
AcOH   acetic acid 
ADMET   absorption, distribution, metabolism, excretion, toxicity 
AGEs   advanced glycation end products  
AIBN   azobisisobutyronitrile 
AOC   copper-containing amine oxidase 
aq.   aqueous 
ARB   angiotensin II receptor blocker 
AUC   area under the curve 
BA   bioavailability 
BINAP   2,2'-bis(diphenylphosphino)-1,1'-binaphthyl 
Boc   tert-butoxycarbonyl  
CDI   carbonyldiimidazole 
CLtot   total clearance 
Cmax   maximum serum concentration 
conc.   concentrated 
CYP   cytochrome P450 
DBU   1,8-diazabicyclo[5.4.0]undec-7-ene 
DCE   1,2-dichloroethane 
DDI   drug-drug interaction 
DIAD   diisopropyl azodicarboxylate 
DIPEA   N,N-diisopropylethylamine 
DME   1,2-dimethoxyethane 
DMF   N,N-dimethylformamide 
DMSO   dimethyl sulfoxide 
DPP-IV   dipeptidyl peptidase-IV 
Et3N   triethylamine 
EtOAc   ethyl acetate 
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EtOH   ethanol 
FAD   flavin adenine dinucleotide 
GFR   glomerular filtration rate  
HbA1c   hemoglobin A1c 
HLM   human liver microsomes 
HOBt   1-hydroxybenzotriazole 
HPLC   high performance liquid chromatography 
i.v.   intravenous 
IC50   50% inhibitory concentration 
ICH International Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use 
IPA   2-propanol 
iPr   isopropyl 
JP2   2nd fluid for disintegration test in Japanese Pharmacopeia 
LC-MS   liquid chromatography–mass spectrometry 
MAO-A/B  monoamine oxidase-A/B 
Me   methyl 
MeCN   acetonitrile 
MeOH   methanol 
NBS   N-bromosuccinimide 
nBu   normal butyl 
p.o.   per os 
PAMPA   parallel artificial membrane permeability assay 
Pd2(dba)3   tris(dibenzylideneacetone)dipalladium(0) 
Pd/C   palladium on carbon 
Ph   phenyl 
PK   pharmacokinetics 
PMB   p-methoxybenzyl  
PSA   polar surface area 
QOL   quality of life 
quant.   quantitative yield 
s.c.   subcutaneous injection 
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SAR   structure-activity relationship 
SEM   standard error of the mean 
SGLT2   sodium glucose transporter2 
SPhos   2-dicyclohexylphosphino-2’,6’-dimethoxybiphenyl 
SSAO   semicarbazide-sensitive amine oxidase 
STZ   streptozotocin 
t1/2   half-life period 
TBAF   tetrabutylammonium fluoride 
TBS   tert-butyldimethylsilyl 
TC   sodium taurocholate 
TFA   trifluoroacetic acid 
THF   tetrahydrofuran 
tmax   time to maximum concentration 
TPQ   topaquinone 
TPSA   topological polar surface area 
VAP-1   vascular adhesion protein-1 
Vdss   volume of distribution at steady state  
WSCD   1-ethyl-3-(3’-dimethylaminopropyl) carbodiimide  
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序論 
 
糖尿病性腎症について 
 
糖尿病は血糖値やヘモグロビン A1c（HbA1c）値が高くなることで発症する疾患である。糖尿病に伴
う合併症として、糖尿病性腎症、糖尿病性神経障害、および糖尿病性網膜症の 3 大合併症が知られてお
り、これらは微小血管障害に分類される。糖尿病患者は近年増加を続けており、2015 年における成人の
糖尿病患者数は世界で 4 億人以上にのぼる。この傾向は今後も継続すると予想されており、2040 年には
6 億人以上に達すると推測されている 1)。糖尿病患者の増加に伴い、糖尿病性腎症患者も増加の一途を
辿っている。糖尿病性腎症は II 型糖尿病患者の約 20-40%、I 型糖尿病患者の約 15-25％が発症すると言
われている 2a-c)。本疾患では徐々に腎機能が低下していき、微量アルブミン尿の出現により糖尿病性腎
症（早期腎症期）と診断される。その後、アルブミン尿が増加していき、顕性アルブミン尿あるいは蛋
白尿陽性となる顕性腎症期へと至る。顕性腎症期以降は糸球体濾過量（GFR）が低下していき、半数以
上の患者で 10 年以内に末期腎不全へ移行する。腎機能が極度に低下した状態である末期腎不全に陥る
と生命維持が困難となるため、透析療法または腎移植が必要となる。日本では腎移植が行われることは
稀であり、多くの患者が透析療法（特に血液透析）を開始する。血液透析は週 3 回程度の通院が必要で
あり、かつ、1 回の透析には 4～6 時間程度の時間を要するため、患者の生活の質（QOL）を著しく低下
させる。また、末期腎不全に関する医療費は過去 10 年で約 1.4 倍に増加しており、2014 年時点で 1.5 兆
円となっていることから、糖尿病性腎症による経済的損失は大きい 3)。さらに、1998 年以降、糖尿病性
腎症は日本における透析導入の原疾患の第一位となっている（Figure 1）4)。これらの背景から、糖尿病
性腎症の発症・進展を阻止し、透析療法を開始する患者を減少させるための対策が喫緊の課題となって
いる。 
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Figure 1. Changes in proportion of major primary disease leading to dialysis introduction4). 
 
 
糖尿病性腎症の成因と現在の治療方針 
 
糖尿病性腎症の成因に関しては正確には解明されていないが、持続的な高血糖と、それに起因する（糸
球体）高血圧・終末糖化産物（AGEs）の増加・酸化ストレスの増大などの要因が複雑に関与すると考え
られている 2a-c)。AGEs 増加と酸化ストレス増大は、様々な経路を介して細胞障害を引き起こし、血管障
害につながるため、糖尿病性腎症の病態悪化を加速すると推測されている。 
糖尿病性腎症の現在の治療方針は血糖値制御、（糸球体）高血圧の是正および、たんぱく摂取量の制限
である。血糖値制御に関しては、ジペプチジルペプチダーゼ-IV（DPP-IV）阻害剤やナトリウム-グルコー
ス共輸送体 2（SGLT2）阻害剤の登場によって様々な作用機序の薬剤が選択可能となったこともあり、
ある程度の制御が可能となってきている 5)。また、アンジオテンシンⅡ受容体拮抗薬（ARB）やアンジ
オテンシン変換酵素（ACE）阻害剤が糖尿病性腎症の治療薬として処方されており、これらの薬剤によ
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る早期腎症期から顕性腎症期へ、あるいは顕性腎症期から腎不全期への進展抑制が複数報告されている
2d-i)。一例として、早期腎症期の II 型糖尿病患者に対するイルベサルタン投与の検討結果を示す。プラセ
ボ群では顕性腎症期への進行率が 14.9%であったのに対し、イルベサルタン 150mg 投与群では 9.7%、
300mg 投与群では 5.2%となった 2g)。日本ではイミダプリルが 2002 年に I 型糖尿病に伴う糖尿病性腎症
について、ロサルタンが 2006 年に高血圧と蛋白尿を伴う II 型糖尿病における糖尿病性腎症について保
険適用されている。これらの薬剤の登場により糖尿病性腎症の進展が抑制され、1980～2000 年頃と比較
すると、近年は本疾患を原疾患とする透析導入患者の割合上昇は緩やかになっている（Figure 1）。しか
しながら、ARB および ACE 阻害剤では、正常血圧・正常アルブミン尿の糖尿病患者に対する早期腎症
期への進行抑制効果は得られていない 6)。また、透析治療を開始する患者数の減少には至っていない現
状から、これら現行の治療法のみでは糖尿病性腎症の発症・進展を完全には抑制できていないと言える。
したがって、新たな糖尿病性腎症治療薬の開発が求められている。 
 
アミンオキシダーゼの分類 
 
糖尿病患者において、アミンオキシダーゼの一種である vascular adhesion protein-1（VAP-1）の活性が
増加しているとの報告 7)が 1995 年になされて以来、VAP-1 と病態との関連が注目されている。まず、ア
ミンオキシダーゼについて、その分類を示す（Table 1）。アミンオキシダーゼは、保有する補因子の種類
によって 2 つのタイプに分類される。補因子としてフラビンアデニンジヌクレオチド（FAD）を有する
モノアミンオキシダーゼとしては、モノアミン酸化酵素-A/B（MAO-A/B）など知られている。一方、補
因子として銅を含有するアミンオキシダーゼ（銅含有アミンオキシダーゼ：AOC）としては、ジアミン
オキシダーゼ、網膜特異的アミンオキシダーゼ、VAP-1、リシルオキシダーゼが知られており、それぞ
れ AOC1 遺伝子、AOC2 遺伝子、AOC3 遺伝子、LOX 遺伝子でコードされる。AOC はいずれもセミカ
ルバジドによって阻害されるため、セミカルバジド感受性アミンオキシダーゼ（SSAO）としても知られ
ている。ヒトにおける SSAO は上述の 4 種の AOC であり、ヒトの血漿中 SSAO 活性は主に VAP-1 に由
来する。一方、AOC4遺伝子でコードされるアミンオキシダーゼが発現している動物も存在するが、AOC4
遺伝子は、ヒトにおいては pseudogene（機能が失われた遺伝子）となっており、げっ歯類においては欠
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損している 8)。そのため、SSAO 活性には種差があり、ヒトとげっ歯類以外の哺乳類では血漿中 SSAO
活性がヒトとげっ歯類よりはるかに高いことが報告されている。例えば、血漿中 SSAO 活性の Vmax 値
（mU/L）は、イヌでは 9000 ± 1000、ヒトでは 352 ± 102、ラットでは 27 である 8)。 
 
Table 1. Classification of amine oxidase. 
タイプ 補因子 酵素 ヒト遺伝子 
モノアミンオキシダーゼ FAD MAO-A MAO-A MAO-B MAO-B 
銅含有アミンオキシダーゼ/ 
セミカルバジド感受性アミン
オキシダーゼ（AOC/SSAO） 
銅 
ジアミンオキシダーゼ AOC1 
網膜特異的アミンオキシダーゼ AOC2 
vascular adhesion protein-1（VAP-1） AOC3 
リシルオキシダーゼ LOX 
 
VAP-1 について 
 
VAP-1 は 1992 年に発見された 170-180kDa のホモダイ
マー構造を有するタンパクであり（Figure 2）9)、ヒトにお
いては膜結合型と可溶型が存在している。膜結合型 VAP-
1 は様々な臓器において存在が確認されているが、腎臓・
肺・肝臓などの血管が多い臓器における血管内皮細胞・平
滑筋細胞・脂肪細胞に特に多く分布している。一方、可溶
型 VAP-1 は主に血管内皮細胞より血漿に放出される 10)。 
VAP-1 は炎症に応答して増加することが知られており、白血球の接着分子として機能する 11)。すなわ
ち、VAP-1 はアミンオキシダーゼとしての機能の他に、接着分子としての機能を併せ持つ分子である。
この 2 つの機能により、VAP-1 は炎症部位における白血球の遊走、脂肪細胞の分化、グルコースの輸送、
血管平滑筋の形成などに関与する 10, 12)。VAP-1 はアミンオキシダーゼとしての機能により、生体内の 1
級アミンをアルデヒドへと酸化的に脱アミノ化するが、その反応機構を Scheme 1 に示す 13)。まず、基
質である 1 級アミンが VAP-1 の活性中心に存在するトパキノン（TPQ）とシッフ塩基を形成する。Asp386
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との間におけるプロトン移動の後、シッフ塩基が加水分解され、アルデヒドが生じる。TPQ は銅と酸素
により酸化されることで再生するが、この際、同時に過酸化水素とアンモニアが生成する。 
 
Scheme 1. Mechanism for the oxidative deamination reaction by VAP-1. 
 
生体内における VAP-1 の基質はメチルアミンやアミノアセトンなどであると推測されているが 10, 14)、
AOC/SSAO の基質は正確には解明されていない（網膜特異的アミンオキシダーゼの方が VAP-1 より大
きい分子を好む、といった程度の基質特異性が知られているのみである。）。メチルアミンとアミノアセ
トンは VAP-1 によって酸化的に脱アミノ化され、それぞれ、ホルムアルデヒドおよびメチルグリオキ
サールに変換される。これらのアルデヒドは反応性が非常に高く、生体内のタンパク質や核酸と反応し、
AGEs の生成を促進する。一方、TPQ が再生する際に生じる過酸化水素は、フリーラジカルを生じ、酸
化ストレスを助長する。AGEs 生成の促進や酸化ストレスの助長は細胞障害を引き起こし、その後に起
こる血栓形成や血管障害の要因となるため、糖尿病性腎症を含む様々な疾患に関与することが知られて
いる 15)。さらに、糖尿病以外にも、炎症性自己免疫疾患、アテローム性動脈硬化、非アルコール性脂肪
性肝疾患、アルツハイマー病などの疾患における VAP-1 活性の増加が報告されている 10, 16)。VAP-1 活性
の増加は過剰な炎症反応および、細胞障害性物質の増大につながることから、VAP-1 はこれらの疾患の
増悪に関与している可能性が高いと考えられる。 
VAP-1 活性増加は、1995 年に糖尿病患者において初めて報告されたが、この傾向は糖尿病性腎症や糖
尿病性網膜症などの糖尿病性微小血管障害を併発している患者においてはさらに顕著となる 7, 8a, 17)。腎
臓は VAP-1 が多く分布している臓器であるため、VAP-1 活性増加による影響を受けやすいと考えられ
る。そのため、腎臓では VAP-1 活性増加による過剰な炎症反応および、細胞障害性物質の増大に伴う腎
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血管障害が起こりやすい。過剰な炎症反応と腎血管障害が進行した結果、糸球体濾過、尿細管機能の障
害を引き起こし、腎症を誘発すると推測される（Figure 3）。以上のように、VAP-1 は糖尿病性腎症の
発症・進展に深く関与している可能性が高いことから、VAP-1 阻害剤は糖尿病性腎症の治療薬になり得
ると考えられる。 
 
Figure 3. Estimated pathogenic mechanism of diabetic nephropathy by VAP-1 
 
VAP-1 阻害剤の開発状況 
 
前述の通り、VAP-1 は様々な疾患との関連が疑われているため、創薬標的として注目を集めており、
複数の VAP-1 阻害剤の研究開発が報告されている 10, 18)。病態との関連が指摘され始めた 2000 年前後か
ら低分子阻害剤が報告され始め、さらに、抗 VAP-1 抗体や siRNA などによる阻害も報告されている。
その中で、Acorda 社は抗 VAP-1 抗体 BTT-1023 に関して、原発性硬化性胆管炎を適応症としてフェーズ
II 試験を行っている 19)。 
現在、構造が報告されている代表的な低分子 VAP-1 阻害剤を Figure 4 に示す。この中で、PXS-4728A
が非アルコール性脂肪性肝炎を適応症として開発中であり、臨床試験の結果が待たれている 20)。アステ
ラス製薬では井上らがグアニジン誘導体 1 やアミノイミダゾール誘導体 2 を報告している 21)。しかしな
がら、1 および 2 は経口吸収性に課題がある化合物であった。1 は皮下投与（s.c.）での薬効が報告され
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ているのみであり、2のラットにおけるバイオアベイラビリティは 0.7%と極めて低値であった。そこで、
1, 2 とは構造が異なり、経口吸収性に優れた新規 VAP-1 阻害剤の創製を目指し、本研究に着手した。 
 
Figure 4. Representative VAP-1 inhibitors. 
 
本研究の目的 
 
本研究では、糖尿病性腎症の治療薬として有用性の高い新規 VAP-1 阻害剤の創製を目的に研究を行っ
た。目標とする化合物の特性として、以下の項目を設定した。 
 
(1) ヒト VAP-1・ラット VAP-1 いずれに対しても高い阻害活性を示す 
(2) げっ歯類の糖尿病性腎症モデルにおいて、低用量の経口投与で有効性を示す 
(3) げっ歯類・非げっ歯類いずれにおいても、良好な薬物動態（PK）特性を有する 
(4) 薬物間相互作用、難水溶性などの臨床上の薬物使用を制限させる懸念が少ない 
 
研究方針として、1, 2 とは構造が大きく異なるシード化合物から新規化合物をデザイン・合成し、糖
尿病性腎症モデルラットにおいて有効性を示す化合物を見出すこととした。その後、CYP 阻害作用や水
溶性を含めた構造活性相関を明らかにし、最終的に上記プロファイルを満たす化合物の創製を目指した。 
  
·HCl·HCl·HCl
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1 2
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O
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N H2N
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本論 
第一章 新規グリシンアミド誘導体の合成および構造活性相関 
 
第一節 シード化合物とその課題 
 
経口活性を有する新規 VAP-1 阻害剤を創出するため、アステラス製薬所有化合物群の VAP-1 阻害活
性をスクリーニングした。その結果、2 よりは活性が低いものの、1 と同等の VAP-1 阻害活性（IC50 = 
0.18 μM）を示し、1, 2 とは構造が大きく異なるシード化合物 3 を見出した（Table 2）。そこで、3 の生
体内における VAP-1 阻害活性を評価するため、ex vivo 評価を行った。その結果、ラットへの 100 mg/kg
の経口投与（p.o.）による血漿中 VAP-1 活性の阻害率はわずか 17%であり、3 は ex vivo 活性が非常に低
い化合物であることが判明した。臨床試験を開始するには、まずげっ歯類の糖尿病性腎症モデルにおい
て有効性を示すことが必要となる。そのためには化合物 3 の ex vivo 活性向上が課題であると考え、構造
変換による課題解決を目指した。 
 
Table 2. In vitro and pharmacodynamic profile of 3a 
 
 
 
 
 
 
 
a Hydrochloride salt. 
b IC50 value is shown as the mean of independent experiments (n = 2). 
c Inhibitory effect on plasma VAP-1 activity in rats (n = 5) at 1 h after oral administration of compound 3. 
  
                                                        
 ex vivo 評価とは、生体から組織などを取り出し、生体外で行う試験である。生体をそのまま使用して
行う in vivo 評価より簡便であるため、ex vivo 評価の方が化合物スクリーニングに適している。今回は
ラットに化合物を経口投与した後、採取した血漿中の VAP-1 活性を測定し、化合物投与前の血漿中 VAP-
1 活性と比較することで、阻害率として ex vivo 活性を表記した。 
 
Structure 
Human 
VAP-1 
IC50 (μM)b 
Rat ex vivoc 
Dose 
(mg/kg, p.o.) 
Inhibition ratio 
(at 1 h) 
 
0.18 100 17% 
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第二節 血液中における不安定性とその改善 
 
3 の ex vivo 活性が低い原因を探るべく、種々の評価を行った。その結果、3 は水溶性、pH = 6.8 のバッ
ファー中における化学的安定性、膜透過性、および肝ミクロソーム中での代謝安定性には懸念がないも
のの、ラット血液中での安定性が低く、血液との 1 時間インキュベーション後における化合物 3 の残存
率は 33%であることが判明した（Figure 5）。アミド結合は生体内でエステラーゼ等により加水分解され
得ることから、3 のアミド結合が血液中で加水分解されている可能性があると考え、3 の構造変換を行っ
た。Testa らは、窒素原子にかさ高い置換基が導入されているアミドでは、3 級アミドの方が 2 級アミド
より安定であると報告している 22)。そこで、化合物 3 の 2 級アミドを 3 級アミドへと変換することとし
た。化合物 3 と 3 級アミド体 4a の血液中安定性を Figure 5 に、in vitro 活性および ex vivo 活性を Table 
3 に示す。期待した通り、4a は血液中安定が大きく改善しており、ラット血液との 6 時間インキュベー
ション後の 4a の減少は確認されなかった。しかしながら、3 と比較し、4a はヒト・ラットともに in vitro 
活性が 1/4～1/5 に減弱した（Table 3）。興味深いことに、4a は 3 より in vitro 活性が低いにもかかわら
ず、3 より強力な ex vivo 活性を示した。すなわち、3 は 100 mg/kg の経口投与における血漿中 VAP-1 活
性の阻害率が 17%であるのに対し、4a は 60 mg/kg の投与で 69%の阻害率であった。この結果から、2 級
アミドから 3 級アミドへの変換がラット血液中における安定性の改善と、強力な ex vivo 活性に重要で
あることが示唆された。血液中安定性の改善により、4a は 3 より高い血漿中濃度を維持していると推測
され、この高い血漿中濃度が強力な ex vivo 活性につながったと考えられる。血液中安定性を保ったま
ま、4a の in vitro 活性を向上できれば、さらに強力な ex vivo 活性を有する化合物を創出できると期待し、
次に in vitro 活性向上を目的に 4a の構造変換を行った。 
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Figure 5. Residual ratios (% to initial concentration) of compound 3 and 4a after incubation with rat blood. 
a Hydrochloride salt. 
 
 
Table 3. In vitro and pharmacodynamic profile of 3 and 4a 
 
Compound R 
VAP-1 IC50 (μM)a Rat ex vivo b 
Human Rat Dose (mg/kg, p.o.) 
Inhibition ratio 
(at 1 h) 
3c H 0.18 0.023 100 17% 
4a Me 0.80 0.12 60 69% 
a IC50 values are shown as the mean of independent experiments (n = 2–3). 
b Inhibitory effect on plasma VAP-1 activity in rats (n = 3–5) at 1 h after oral administration of compound 3 or 4a. 
c Hydrochloride salt. 
  
O
N
R
N H2
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第三節 化合物の合成方針 
 
化合物 4a の in vitro 活性向上の手がかりを得るため、ヒト VAP-1 タンパクと 4a とのドッキングスタ
ディを実施した（Figure 6）。この際、TPQ とのシッフ塩基形成が VAP-1 阻害活性に重要であると推測
し、1級アミノ基とTPQとの間でシッフ塩基を形成させた上でドッキングスタディを行った。その結果、
TPQ との共有結合の他に、以下に示す三種の相互作用の獲得が示唆された。①3 位フェニル基と Leu447
との CH-π 相互作用、②カルボニル基の酸素原子と Leu468 との CH-O 相互作用、③カルボニル基の α 位
水素と Leu468 との CH-O 相互作用、の三種である。CH-π 相互作用、CH-O 相互作用はいずれも弱い水
素結合として定義され、たんぱく質-リガンド間の結合への寄与が報告されている 23)ことから、これら
の相互作用は 4a の VAP-1 阻害活性に重要であると考えられる。TPQ 結合部位（Figure 7）におけるシッ
フ塩基形成以外の複数の相互作用獲得は、TPQ 結合部位の構造が活性発現に大きな影響を与えている可
能性を示唆している。3 位フェニル基も VAP-1 と相互作用していることから、3 位フェニル基と、中央
ベンゼン環を介した TPQ 結合部位との位置関係も活性に重要であると推測した。また、中央ベンゼン環
と TPQ 結合部位はアミノ酸残基に囲まれているのに対し、3 位フェニル基の 4’位は溶媒領域に向いるこ
とが示唆された。このことから、3 位フェニル基周辺は立体的許容性が高いと仮説を立てた。この仮説
に基づき、3 位フェニル基周辺への置換基導入を中心に構造変換を行う合成方針を立案した（Figure 7）。 
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                      (a)            
 
 
 
 
 
(b)  
Figure 6. (a) Results of molecular modeling for 4a with human VAP-1. (b) Two-dimensional diagram prepared by 
the ligand interactions application in MOE24b. Arrows indicate interaction. PAQ1729: TPQ. 
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Figure 7. Synthetic strategy from 4a. 
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第四節 化合物の合成 
N-[([1, 1’-ビフェニル]-3-イル)メチル]グリシンアミド誘導体の合成 
 
一連のグリシンアミド誘導体は以下に示す方法を用いて合成した。まず、シード化合物 3 の合成法を
Scheme 2 に示す。市販のフェニルベンジルアミン 5 と N-(tert-ブトキシカルボニル)グリシンを縮合した
後、tert-ブトキシカルボニル基（Boc 基）を脱保護して 3 を得た。 
 
Scheme 2. Reagents and conditions: (a) N-(tert-butoxycarbonyl)glycine, WSCD·HCl, HOBt, DMF; (b) 4 M HCl 
(EtOAc solution). 
 
 
次に 3 級アミド誘導体の合成法を示す。4a-4h は Scheme 3 に示す経路により合成した。既知化合物で
あるブロモベンジルアミン 6 と N-(tert-ブトキシカルボニル)グリシンを縮合し、7 を得た。7 と種々の
フェニルボロン酸またはフェニルボロン酸エステルとの鈴木-宮浦カップリングを行った後、Boc 基を脱
保護して 4a-4h を合成した。 
 
Scheme 3. Reagents and conditions: (a) N-(tert-butoxycarbonyl)glycine, WSCD·HCl, HOBt, CH2Cl2; (b) Ar-
B(OH)2 or Ar-B(Pin), Pd(PPh3)4, Na2CO3, solvents, 80 °C; (c) 4 M HCl (EtOAc solution), EtOAc. 
 
  
5 3
a, b
99%
4a: R = H (83%)
4b: R = 4'-Cl (75%)
4c: R = 3'-Cl (60%)
4d: R = 2'-Cl (73%)
4e: R = 4'-NHAc (89%)
4f:  R = 4'-N(Me)2 (75%)
4g: R = 4'-(morpholin-4-yl) (72%)
4h: R = 4'-(4-methylpiperazin-1-yl) (68%)
b, c
6 7
a 2'3'
4'60%
NHBoc O
N H2N
Br N H
NBr
O
R
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Scheme 4 に示す通り、10, 11a-d, 12a-b, 13 も 7 を用いて合成した。化合物 7 と種々のフェニルボロン
酸またはフェニルボロン酸エステルとの鈴木-宮浦カップリングを行い 8a-c へと誘導した後、それぞれ
官能基変換を行った。安息香酸誘導体 10 は 8a を 6M 塩酸中、100 °C に加熱することで合成した。8a の
エステルを加水分解して得られるカルボン酸 9 と種々のアミンを縮合し、11a-d を得た。アニリン体 8b
は塩基存在下、カルバモイルクロリドと反応させることで、ウレア誘導体 12a-b へと誘導した。ベンジ
ルアミン誘導体 13 はアルデヒド 8c とジエチルアミンとの還元的アミノ化により合成した。 
Scheme 4. Reagents and conditions: (a) Ar-B(OH)2 or Ar-B(Pin), Pd(PPh3)4, Na2CO3, DME/EtOH/H2O, 80 °C; (b) 
6 M HCl aq., 100 °C; (c) 1 M NaOH aq., MeOH; (d) amine, WSCD·HCl or WSCD, HOBt, with or without Et3N, 
DMF; (e) 4 M HCl (EtOAc solution), solvents; (f) carbamoyl chloride, base, CH2Cl2; (g) diethylamine, 
NaBH(OAc)3, AcOH, DCE. 
 
  
11a: R = CONH2 (48%)
11b: R = CONHEt (44%)
11c: R = CONEt2 (39%)
g, e
b
98a
10
8b
8c
d, e
13
a
a
f, e
12b: R =
11d: R =
12a: R =
c
7
a
86%
84%
89%
79%
quant.
(71%)
(56%) (57%)
66%
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4-(4-置換フェニル)モルホリン誘導体の合成 
 
4-(4-置換フェニル)モルホリン誘導体は以下に示す経路により合成した。17-19 は既知化合物である 14
と 15 との鈴木-宮浦カップリング反応、続く Boc 基の脱保護により化合物 16 を得た後、各種アミノ酸
との縮合により合成した（Scheme 5）。 
 
Scheme 5. Reagents and conditions: (a) 15, Pd(PPh3)4, Na2CO3, DME/H2O, 90 °C; (b) 4 M HCl (EtOAc solution), 
EtOH; (c) amino acids, WSCD·HCl, HOBt, solvents. 
 
次に化合物 27-30 の合成法を Scheme 6 に示す。3-ブロモフェニルベンジルアミン 6, 20 およびイソイ
ンドリン 22 を種々のアミノ酸と縮合し、23, 24, 26 を得た。ベンジルブロミド 21 を炭酸カリウム存在
下、tert-ブチル[2-(メチルアミノ)エチル]カルバメートと反応させ、25 とした。得られた中間体 23-26 と
15 との鈴木-宮浦カップリング反応を行った後、Boc 基を脱保護し、27-30 へと誘導した。 
 
Scheme 6. Reagents and conditions: (a) amino acids, WSCD·HCl, HOBt, CH2Cl2; (b) tert-butyl [2-
(methylamino)ethyl]carbamate, K2CO3, DMF; (c) 15, Pd(PPh3)4, Na2CO3, DME/H2O, 80–90 °C; (d) 4 M HCl 
(EtOAc solution), solvents. 
17: R1 = Me, R2 = H, n = 1 (43%)
18: R1 = R2 = Me, n = 1 (71%)
19: R1 = R2 = H, n = 2 (69%)
c or c, ba, b
15
14 16
75%
a or b
c, da
24: R =
23: R =
25: R =
28: R =
27: R =
30
29: R =
22 26
6: R = NHMe
20: R = NHCH(Me)2
21: R = Br
c, d
(95%)
(quant.)
(42%)
(72%, 3 steps)
(16%)
48% 85%
NHBoc
NHBoc
NHBoc
NHBoc
N
N H2
O
N
O
O
N
BrBr
N H
N
O
R
Br RRBr
N H2N
N
O
N H2
N
O
N H2
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最後にベンズアミド誘導体 33 の合成法を Scheme 7 に示す。化合物 31 と 15 との鈴木-宮浦カップリ
ング反応、続くエステルの加水分解により安息香酸 32 を得た。次いで tert-ブチル[2-(メチルアミノ)エチ
ル]カルバメートと縮合した後、Boc 基を脱保護して 33 を合成した。 
 
Scheme 7. Reagents and conditions: (a) 15, Pd(PPh3)4, Na2CO3, DME/H2O, 80 °C (b) 1 M NaOH aq., EtOH, 
60 °C; (c) tert-butyl [2-(methylamino)ethyl]carbamate, WSCD·HCl, HOBt, DMF; (d) 4 M HCl (EtOAc solution), 
MeOH. 
  
a, b c, d
3331 32
72% 34%
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第五節 VAP-1 阻害活性の評価結果ならびに考察 
 
合成した化合物の in vitro VAP-1 阻害活性は、化合物、精製した VAP-1、および基質として 14C でラベ
ル化したベンジルアミンをインキュベーションした後、酵素反応の生成物である 14C-ベンズアルデヒド
の放射活性を測定し、IC50として算出した。ex vivo 活性は、ラットに化合物を経口投与した後、採取し
た血漿中の VAP-1 活性を in vitro アッセイと同様の評価方法により測定し、化合物投与前の血漿中 VAP-
1 活性と比較することで、阻害率として算出した。 
第三節で記した合成方針に基づき、4a の 3 位フェニル基に置換基が導入された誘導体の VAP-1 阻害
活性を評価した（Table 4）。その結果、4’-クロロ体 4b は 0.24 μM の IC50 値を示し、4a より強い VAP-1
阻害活性を有することが分かった。一方、3’-クロロ体 4c と 2’-クロロ体 4d は活性が減弱した。これら
の結果から、4’位への置換基導入が VAP-1 阻害活性の向上に最適であることが確認された。これは第三
節で述べたドッキングスタディでの予想通り、溶媒側である 4’位周辺の立体的許容性が高いためである
と考えられる。 
 
Table 4. SARs of chloro group substituted derivatives. 
 
Compound R Human VAP-1 IC50 (μM)a 
4a H 0.80 
4bb 4’-Cl 0.24 
4cc 3’-Cl 1.3 
4db 2’-Cl 4.1 
a IC50 value is shown as the mean of independent experiments (n = 2–3). 
b Hydrochloride salt. 
c Ethanedioate salt.  
2'
3'
4'
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3 位フェニル基 4’位周辺の溶媒領域には親水性残基である Asp446 や His450 が存在していることから
（Figure 6）、活性向上を期待して極性置換基の導入を試みた。Table 5 にカルボキシル基、アミド、ウレ
アを導入した化合物の評価結果を示す。カルボキシル基の導入（化合物 10）では VAP-1 阻害活性が大き
く減弱した。カルバモイル誘導体 11a は 4a の 1/2 程度の活性を示したが、Table 5 に示すアミドまたは
ウレアを有するその他の誘導体では VAP-1 阻害活性が向上した。残念ながら、最も活性が向上した 12b
においても、溶媒領域の親水性残基との相互作用は確認されなかったが（data not shown）、Table 5 の結
果から、4’位の立体的許容性は大きいことが示唆された。一方、活性が向上した 11b-d, 4e, 12a-b はいず
れも PAMPA*1における膜透過性が低いことが判明した（Permeability: Pe ≤ 3.8）。膜透過性が低い化合物
は小腸から吸収されづらい場合が多い 25)ため、その改善が必要であると考えた。膜透過性を改善するた
めの戦略としては、脂溶性の増大と極性表面積（PSA）の低減がよく知られている 25)が、脂溶性増大は
水溶性低下や代謝安定性低下などにつながる可能性がある。また、Table 5 において、簡便に計算可能な
topological PSA（TPSA）*2 を比較したところ、PAMPA における膜透過性との相関が確認されたため、
TPSA の低減を指標として膜透過性の改善を目指すこととした。膜透過性が低い 11b-d, 4e, 12a-b の TPSA
は 60 Å2以上であり、膜透過性が高い 4a および 4b は 60 Å2以下であることから、TPSA が 60 Å2以下と
なる化合物をデザインした。 
 
Figure 6. Results of molecular modeling for 4a with human VAP-1. (再掲)  
                                                        
*1 PAMPA とは Parallel Artificial Membrane Permeability Assay の略であり、人工膜透過による化合物の濃
度変化を測定することで化合物の膜透過性を予測する試験である 25)。 
*2 TPSA は MOE2014.0901 を用いて計算した 24b)。 
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Table 5. SARs of 4’-substituted derivatives. 
 
Compound R Human VAP-1 IC50 (μM)a 
PAMPAb, Pe 
(10-6cm/s) 
at pH = 6.5 
TPSA 
(Å2)c 
4a H 0.80 >30 46.3 
4bd Cl 0.24 >30 46.3 
10d HO2C- 14 NTg 83.6 
11ad H2NOC- 1.6 NTg 89.4 
11bd EtHNOC- 0.61 <0.2 75.4 
11ce Et2NOC- 0.56 3.8 66.6 
11df 
 
0.42 <0.1 75.9 
4ed AcHN- 0.46 <0.2 75.4 
12ae 
 
0.28 <0.2 78.7 
12be 
 
0.083 <0.2 87.9 
a IC50 value is shown as the mean of independent experiments (n = 2–3). 
b PAMPA EvolutionTM (pION Inc., Billerica, MA), donor buffer pH = 6.5. 
c TPSA values calculated by MOE2014.0901. 
d Hydrochloride salt. 
e Ethanedioate salt. 
f (2R, 3R)-Tartrate salt. 
g NT = not tested. 
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Table 6 に TPSA が 60 Å2以下のベンジルアミン誘導体とアニリン誘導体の評価結果を示す。ベンジル
アミン誘導体 13 は 4a より強力な VAP-1 阻害活性を示した。この結果から、4’位には塩基性置換基の導
入も許容されることが判明した。化合物 4f は 4a より活性が減弱したが、その他のアニリン誘導体であ
る 4g および 4h は 0.34 μM , 0.33 μM の IC50値を示し、4a より強力な VAP-1 阻害活性を有することが分
かった。いずれの化合物も 60 Å2 以下の TPSA を有するが、PAMPA における膜透過性には大きな差が
あった。すなわち、4f と 4g は予想通り高い膜透過性を示す一方、13 と 4h の膜透過性は低かった。これ
は、13、4h は 4f、4g より強い塩基性を有しているために、膜を透過できる非イオン型の割合が少ない
ことが一因であると考えられる。これらの結果から、膜透過性の改善には、強い塩基性を持たず、かつ、
TPSA を 60 Å2 以下にする化合物デザインが有効であることが示唆された。以上の検討の結果、VAP-1 阻
害活性の向上と、高い膜透過性を両立した化合物として、4g を見出した。 
 
Table 6. SARs of benzylamine and aniline derivatives. 
 
Compound R Human VAP-1 IC50 (μM)a 
PAMPAb, Pe 
(10-6cm/s) 
at pH = 6.5 
TPSA 
(Å2)c pKa
d 
4a H 0.80 >30 46.3 - 
13e Et2NH2C- 0.48 1.0 49.6 9.7 
4ff Me2N- 3.0 28.1 49.6 5.0 
4gf 
 
0.34 22.1 58.8 5.1 
4hg 
 
0.33 1.0 52.8 7.8 3.1 
a IC50 value is shown as the mean of independent experiments (n = 2–3). 
b PAMPA EvolutionTM (pION Inc., Billerica, MA), donor buffer pH = 6.5. 
c TPSA values calculated by MOE2014.0901. 
d pKa values other than the primary amine group which were calculated using ACD pKa prediction software26). 
e Dihydrochloride salt. 
f Ethanedioate salt. 
g (2R, 3R)-Tartrate salt.  
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次に、4g の TPQ 結合部位を変換した誘導体の評価結果を示す（Table 7）。1 級アミノ基を 2 級アミノ
基（化合物 17）または 3 級アミノ基（化合物 18）へと変換したところ、VAP-1 阻害活性が消失した。こ
の結果から、1 級アミノ基が活性発現に必須であることが示唆された。この理由は、2 級または 3 級ア
ミノ基への変換により、TPQ とのシッフ塩基形成（Scheme 1 参照）が不可能となるためであると考えら
れる。1 級アミノ基の隣接位にジメチル基を導入した化合物 27 も活性が消失した。これは、ジメチル基
導入により、1 級アミノ基の隣接位の立体障害が大きくなったために、TPQ とのシッフ塩基形成が困難
になったことが原因であると考えられる。アミドの窒素原子にイソプロピル基を導入した 28 の活性が
消失したことから、この部位の立体的許容性の低さが確認された。イソインドリン誘導体 30 の VAP-1
阻害活性は 4g の 1/6 程度に減弱した。2 環性構造の導入により、TPQ 結合部位とフェニル基との位置関
係がずれ、VAP-1 と適切に相互作用できなくなった可能性が考えられる。アルキル側鎖を伸長した化合
物 19 の活性は 4g の 1/10 以下に減弱しており、カルボニル基から 1 級アミノ基までの距離の重要性が
示唆された。カルボニル基の除去（化合物 29）および位置の変換（化合物 33）も活性減弱につながっ
た。この結果から、カルボニル基の存在および、その位置が活性発現に寄与していることが示唆された。
以上より、TPQ 結合部位の構造は VAP-1 阻害活性に大きな影響を与えていることが確認できた。 
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Table 7. SARs of 4-(biphenyl-4-yl)morpholine derivatives. 
 
Compound R or structure Human VAP-1 IC50 (μM)a 
4gb 
 
0.34 
17c 
 
>100 
18c 
 
>100 
27c 
 
>100 
28c 
 
>100 
30d 
 
2.0 
19c 
 
4.0 
29c 
 
1.8 
33c 
 
>100 
a IC50 value is shown as the mean of independent experiments (n = 2). 
b Ethanedioate salt. 
c (2R, 3R)-Tartrate salt 
d Hydrochloride salt. 
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以上の検討の結果から見出された 4g とヒト VAP-1 とのドッキングスタディを実施した（Figure 8）。
化合物 4a と重ね合わせた結果（Figure 8a）、4g は 4a と同様の結合様式を有することが予測された。ま
た、モルホリニル基は溶媒領域に位置しており、モルホリニル基の酸素原子の先には空間が存在してい
ることから、この溶媒領域にはさらなる置換基導入が許容される可能性が高いと考えられる。 
 
 
 
 
 
                          (a) 
 
 
 
 
 
 
 
                          (b) 
Figure 8. (a) Results of molecular modeling for 4a (pink) and 4g (yellow, ball and stick) with human VAP-1. (b) 
Two-dimensional diagram prepared by the ligand interactions application in MOE24b. Arrows indicate interaction. 
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第六節 ex vivo 評価および PK 評価 
 
VAP-1 阻害活性の向上と、高い膜透過性を両立した 4b と 4g に関して、ラット VAP-1 阻害活性および
ex vivo 活性を評価した。Table 8 に示す通り、4b および 4g のラット in vitro 活性（IC50 値）はそれぞれ
0.053 μM, 0.036 μM であり、ヒト VAP-1 に対する阻害作用より強力であった。これらの化合物をラット
へ 10 mg/kg 経口投与したところ、血漿中 VAP-1 活性をそれぞれ 35%, 92%阻害した。さらに、4g は 1.0 
mg/kg と低用量においても、60%の血漿中 VAP-1 活性を阻害した。4g が最も強力な ex vivo 活性を示し
た要因の一つとして、4a, 4b より強力なラット in vitro 活性が挙げられる。さらにもう一つの可能性とし
て、4g の低い脂溶性（CLogP = 4a: 2.08, 4b: 2.65, 4g: 1.22）に由来するたんぱく結合率の低さ（4a: 71%, 
4b: 92%, 4g: 62%）に起因し、4g は 4a および 4b を上回る血漿中フリー体濃度を示すと考察している。 
 
Table 8. Rat VAP-1 inhibitory activities and pharmacodynamic profiles of 4a, 4b, and 4g. 
 
Compo
und R 
VAP-1 IC50 (μM)a Rat ex vivob Plasma protein 
binding ratio CLogP
c Human Rat Dose (mg/kg, p.o.) 
Inhibition 
ratio (at 1 h) 
4a H 0.80 0.12 60 69% 71% 2.08 
4bd Cl 0.24 0.053 10 35% 92% 2.65 
4ge 0.34 0.036 
10 92% 
62% 1.22 3.0 87% 
1.0 60% 
a IC50 values are shown as the mean of independent experiments (n = 2–3). 
b Inhibitory effect on plasma VAP-1 activity in rats (n = 3–5) at 1 h after oral administration of test compounds. 
c CLogP values calculated using ACD LogP prediction software.26 
d Hydrochloride salt. 
e Ethanedioate salt. 
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Table 9 に化合物 4g の薬物動態特性を示す。1.0 mg/kg の経口投与での最高血中濃度（Cmax）は、ラッ
ト IC50値（0.036 μM）より約 6 倍高かった（73.4 ng/mL = 0.22 μM）。しかしながら、全身クリアランス
（CLtot）は 133.9 mL/min/kg と大きく、消失が早い化合物であった。これは、たんぱく結合率が低いため
に代謝をうけるフリー体が多いことが一因であると考えられる。一方、化合物 4g のバイオアベイラビ
リティ（BA）は 54.9%と、中程度であることから、リード化合物として許容可能な薬物動態特性を有す
ると判断した。 
 
Table 9. Pharmacokinetic profiles of compound 4g in rats. 
Route 
(1.0 mg/kg) 
AUC 
(ng∙h/mL) 
Cmax 
(ng/mL) 
CLtot 
(mL/min/kg) 
t1/2 
(h) 
Vdss 
(L/kg) 
BA 
(%) 
i.v. 126.7  133.9 0.47 6.06  
p.o. 69.6 73.4  0.58  54.9 
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第七節 本章のまとめ 
 
本章では、ラット血液中での安定性改善と VAP-1 阻害活性向上を目指し、シード化合物 3 の構造変換
を行った。その結果、3 の 2 級アミドを 3 級アミドへ変換することにより、ラット血液中における安定
性の改善が見出された。さらに、3 位フェニル基 4’位にモルホリニル基を導入することで、in vitro 活性
および ex vivo 活性が向上した 4g を見出した。4g はラット PK 評価において、54.9%と中程度のバイオ
アベイラビリティを示した。以上の結果から、新規経口 VAP-1 阻害剤を見出すために有効なリード化合
物として化合物 4g を設定し、4g の構造最適化研究をさらに進めた。 
 
  rat     VAP-1 IC50: 0.036 μM   rat     VAP-1 IC50: 0.12 μM   rat     VAP-1 IC50: 0.023 μM 
VAP-1 inhibitory activity in rat plasma: 
17% at 100 mg/kg, po
VAP-1 inhibitory activity in rat plasma: 
60% at 1 mg/kg, po
VAP-1 inhibitory activity in rat plasma: 
69% at 60 mg/kg, po
human VAP-1 IC50: 0.80 μM human VAP-1 IC50: 0.34 μMhuman VAP-1 IC50: 0.18 μM 
3
Enhancement of
VAP-1 inhibitory activity
4a
Improvement of
stability in rat blood
4g
Figure 9. Summary of Chapter 1 
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第二章 CYP 阻害作用を減弱した新規グリシンアミド誘導体の合成および構造活性相関 
 
第一節 課題と合成方針 
 
第一章ではシード化合物 3 からの合成展開を行い、3 級アミドへの変換と 3 位フェニル基 4’位へのモ
ルホリニル基導入により、in vitro 活性および ex vivo 活性が向上したリード化合物 4g を見出した。しか
しながら、4g はラットと比較するとヒト VAP-1 阻害活性が低く、ラット VAP-1 阻害活性の 1/10 程度で
あることから（Table 10）、種差低減が課題であった。そこで、この課題解決に向けた手がかりを探るた
め、VAP-1 タンパクのヒト・ラット間における配列の差を比較した。その結果、リガンド結合ポケット
周辺においてヒト・ラット間で異なるアミノ酸残基は 2 残基のみであることが判明した（Figure 10）。
即ち、ヒト VAP-1 では Phe173、Leu447 である残基が、ラット VAP-1 ではそれぞれ Thr173、Phe447 で
あった。これらの残基は 4g の 4’-モルホリノフェニル基の近傍に位置していることから（Figure 10）、
4’-モルホリノフェニル基の変換が種差低減につながる可能性があると考えた。第一章で述べた通り、3
位フェニル基への置換基導入は 4’位が最適であり、4’位以外へのさらなる置換基導入は VAP-1 阻害活性
の減弱が予想される。そこで、第二章では、以下に示す二点の効果を期待し、4’-モルホリノフェニル基
のヘテロ芳香環への変換を計画した（Figure 11）。①ヘテロ原子の孤立電子対を介した VAP-1 との新た
な相互作用獲得、②電荷分布の変化による VAP-1 との親和性向上。 
 
Table 10. Profile of compound 4g 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Inhibitory effect on plasma VAP-1 activity in rats (n = 4) at 1 h after oral administration of compound 4g. 
c Residual activity of human liver microsomes (HLM) was evaluated using midazolam (for CYP3A4) or S-
mephenytoin (for CYP2C19) as a probe substrate. 
Structure 
VAP-1 
IC50 (μM)a Rat ex vivo
b CYP inhibition (Residual activity)c 
Human Rat Dose (mg/kg, p.o.) 
Inhibition ratio 
(at 1 h) 3A4 2C19 
0.34 0.036 1.0 60% 57% 63% 
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Figure 10. Results of molecular modeling for compound 4g (pale pink, ball and stick) with human VAP-1. Phe173 
and Leu447, both depicted as a stick, are the residues that differ between human and rat VAP-1 （Thr173 and 
Phe447, respectively, in rat VAP-1）. 
 
種差に加え、4g は CYP3A4 および CYP2C19 に対する阻害活性を有していることが分かり（Table 10）、
CYP 阻害作用の軽減がさらなる課題であった。CYP3A4 と CYP2C19 は、CYP450 ファミリーに属する
酵素であり、薬物の代謝に重要な役割を担っている 27)。そのため、CYP 阻害作用を有する化合物は併用
薬との薬物間相互作用（DDI）を引き起こし、重篤な副作用の発現や、薬効の低下につながる恐れがあ
る。CYP 阻害作用の減弱には、極性置換基の導入が有効であると報告されている 27, 28)ことから、4g へ
の極性置換基導入を計画した。極性置換基の導入位置としては、立体的許容性が高く、溶媒側に位置し
ているモルホリニル基周辺が適していると考えた。以上の合成方針に基づき、VAP-1 阻害活性の種差減
弱およびCYP阻害作用の低減の両立を目指し、リード化合物4gからの合成方針を立案した（Figure 11）。 
 
Figure 11. Synthetic strategy from 4g.  
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第二節 ヘテロ芳香環含有グリシンアミド誘導体の合成 
 
第二章において評価したヘテロ芳香環含有グリシンアミド誘導体は以下に示す方法を用いて合成し
た。化合物 36a-b および 40 の合成法を Scheme 8 に示す。化合物 7 とボロン酸エステル 34a または 34b
との鈴木-宮浦カップリング反応により 35a-b を合成した後、Boc 基を脱保護して 36a-b を得た。化合物
40 は 7 をボロン酸エステル 37 へと誘導した後、38 との鈴木-宮浦カップリング反応、続く Boc 基の脱
保護により合成した。 
 
Scheme 8. Reagents and conditions: (a) 34a or 34b, Pd(PPh3)4, Na2CO3, DME/H2O, 90 °C; (b) 4 M HCl (EtOAc 
solution), MeOH; (c) 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-1,3,2-dioxaborolane, PdCl2(PPh3)2, KOAc, dioxane, 
80 °C; (d) 38, Pd(PPh3)4, Na2CO3, DME/H2O, 90 °C. 
 
次にピリジン体 44a-b の合成法を示す（Scheme 9）。既知化合物であるピリジルベンジルアミン 41a
または 41b と N-(tert-ブトキシカルボニル)グリシンを縮合し、42a-b を得た。続いて化合物 15 との鈴木
-宮浦カップリング反応を行った後、Boc 基を脱保護し、目的物 44a-b を合成した。 
 
Scheme 9. Reagents and conditions: (a) N-Boc-glycine, WSCD·HCl, HOBt, CH2Cl2; (b) 15, Pd(PPh3)4, Na2CO3, 
DME/H2O, 80 °C; (c) 4 M HCl (EtOAc solution), EtOAc or MeOH.  
83%
7
94%
37
48%
38
39 40
a
34a: X = N, Y = CH
34b: X = Y = N b
35a: X = N, Y = CH (83%)
35b: X = Y = N (94%)
c
36a: X = N, Y = CH (55%)
36b: X = Y = N (75%)
d b
BPin
NHBoc
NHBocPinB
NHBoc
NHBoc
Br
N
N
NOH
X
NO
Y
O
NN
NN
OH
N
N
N
OH
N
O
N H2N
O
Y
X
N
O
N
O
N H2
O
NX
YN
O
O
NBr
a
15
b
41a: X = N, Y = CH
41b: X = CH, Y = N
42a: X = N, Y = CH (83%)
42b: X = CH, Y = N (54%)
c
43a: X = N, Y = CH (75%)
43b: X = CH, Y = N (69%)
44a: X = N, Y = CH (75%)
44b: X = CH, Y = N (94%)
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最後にピリミジン誘導体 47a-h の合成法を Scheme 10 に示す。化合物 37 と 5-ブロモ-2-クロロピリミ
ジンとの鈴木-宮浦カップリング反応により、中間体 45 を得た。中間体 45 を炭酸カリウム存在下、種々
のアミンと反応させ、46a-h を合成した。47a-d は 46a-d の Boc 基の脱保護により合成し、46e-h はエス
テルを加水分解した後に Boc 基を脱保護し、47e-h へと誘導した。 
Scheme 10. Reagents and conditions: (a) 5-bromo-2-chloropyrimidine, Pd(PPh3)4, Na2CO3, DME/H2O, 80 °C; (b) 
amine, K2CO3, DMF, room temperature or 50–60 °C; (c) 4 M HCl (EtOAc or dioxane solution), MeOH or dioxane; 
(d) 1 M NaOH aq., solvents. 
  
79%
(94%) (80%)
(62%)
(24%) (93%)
(70%)(quant.) (91%)
46a: R = (2R)-2-(hydroxymethyl)pyrrolidin-1-yl (76%)
46b: R = (2S)-2-(hydroxymethyl)pyrrolidin-1-yl (94%)
46c: R = piperidin-1-yl (89%)
46d: R = 4-(2-hydroxyethyl)piperidin-1-yl (92%)
47a: R = (2R)-2-(hydroxymethyl)pyrrolidin-1-yl (54%)
47b: R = (2S)-2-(hydroxymethyl)pyrrolidin-1-yl (63%)
47c: R = piperidin-1-yl (59%)
47d: R = 4-(2-hydroxyethyl)piperidin-1-yl (23%)
a
4537
b
46e: R =
c or d, c
46f: R =
46g: R = 46h: R =
47e: R = 47f: R =
47g: R = 47h: R =
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第三節 VAP-1 阻害活性および CYP 阻害作用の評価結果ならびに考察 
 
第二章で合成した化合物の VAP-1 阻害活性は、第一章・第五節（23 ページ）で記した方法により評価
した。化合物の CYP 阻害作用は、残存活性として以下のように算出した。ヒト肝ミクロゾーム（HLM）
と化合物とプローブ基質（CYP3A4 の基質はミダゾラム、CYP2C19 の基質は S-メフェニトイン）をイン
キュベートした。その後、それぞれの基質が代謝物へと変換される割合を基に、化合物添加時の CYP3A4
または CYP2C19 の代謝能を見積もった。化合物非添加時の代謝能を 100%として残存活性を算出した。 
第一節で記述したように、種差低減を目的に 4g のそれぞれのフェニル基をピリジル基およびピリミ
ジニル基へと変換した（Table 11）。4’-モルホリノフェニル基を 6-モルホリノピリジル基へと変換した
36a は、4g と同等のラット VAP-1 阻害活性を示す一方、ヒト VAP-1 阻害活性は IC50 = 0.055 μM と、4g
より約 6 倍向上した。さらに、4’-モルホリノフェニル基を 2-モルホリノピリミジニル基へと変換した
36b は、0.015 μM（ラット）および 0.031 μM（ヒト）の IC50値を示し、化合物 4g よりラットは 2 倍、ヒ
トは 11 倍 VAP-1 阻害活性が向上した。これらの結果から、3 位の芳香環がヒト VAP-1 阻害活性に大き
な影響を与えており、ヘテロ芳香環への変換により種差が低減することが明らかとなった。中央ベンゼ
ン環をピリジン環へと変換した 44a および 44b に関しては、ヒト・ラットともに VAP-1 阻害活性の減弱
がみられた。化合物 4g の中央ベンゼン環周辺は疎水性アミノ酸残基に囲まれているため（Figure 6, 17
ページ）、極性置換基であるピリジル基への変換が許容されなかったと考えられる。 
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Table 11. In vitro activity of biaryl derivatives 
 
Compound R VAP-1 IC50 (μM)
a 
Human Rat 
4gb 
 
0.34 0.036 
36ac N
 
0.055 0.037 
36bc 
 
0.031 0.015 
44ac 
 
1.5 0.12 
44bd N
 
2.0 0.16 
a IC50 value is shown as the mean of independent experiments (n = 2). 
b Ethanedioate salt. 
c (2R, 3R)-tartrate salt. 
d Dihydrochloride salt. 
 
ピリミジニル基導入によりヒト VAP-1 阻害活性が大きく向上した理由を考察するため、36b とヒト
VAP-1 とのドッキングスタディを実施したが、新たな相互作用は確認されなかった。そこで次に 4g と
36b およびヒト VAP-1 タンパクのリガンド結合ポケット周辺の原子電荷分布を計算した（Figure 12）。
その結果、4g の 4’-モルホリノフェニル基の水素原子周辺は正の電荷（青色）を帯びているのに対し
（Figure 12a）、36b のピリミジニル基の窒素原子周辺は負の電荷（赤色）を帯びていることが示唆され
た（Figure 12c）。一方、ヒト VAP-1 タンパクでは、4’-モルホリノフェニル基の水素原子周辺は正の電荷
を帯びていることが分かった（Figure 12b）。したがって、4g と VAP-1 との間には正電荷同士の反発が
予想されるのに対し、36b と VAP-1 との間には電荷の反発は存在しないと考えれれる。4g と 36b はヒト
VAP-1 に対して同様の結合様式を有することが予測されるが、この電子的な影響により、36b ではヒト
VAP-1 との親和性が向上したと考えられる。以上の理由により、36b ではヒト VAP-1 阻害活性が 10 倍
R
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以上向上したと考察した。一方、ラット VAP-1 に関しては、ヒト VAP-1 の Phe173 より立体的に小さい
Thr173 を有するため、リガンド結合ポケットがヒト VAP-1 より大きく、電子的な影響が小さいと推測さ
れる。そのため、36b と 4g のラット VAP-1 阻害活性の差は約 2 倍にとどまったと考えられる。 
 
 
(a)                          (b)                         (c) 
Figure 12. Atomic charge distributions of compound 4g (a), the electrostatic surface of the ligand binding pocket 
of human VAP-1 (b; the docked compound is 4g), and compound 36b (c). Connolly surfaces29) are colored red for 
negative charge and blue for positive charge. 
 
ヒト VAP-1 阻害活性が向上し、種差が低減した 36b に関して CYP 阻害作用を評価したところ、
CYP2C19 阻害作用と CYP3A4 阻害作用のいずれも 4g より減弱していた（Table 12）。脂溶性の低下
（CLogP; 4g: 1.22, 36b: 0.59）が CYP 阻害作用の減弱につながったと考えられる 27, 30)。しかしながら、
CYP2C19 阻害活性に関しては、残存率 74%であり、さらなる改善の余地があると考えた。そこで、VAP-
1 阻害活性を保持したまま、CYP2C19 対する阻害活性を回避するため、36b のさらなる変換を行うこと
とした。 
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Table 12. Profiles of 1 and 5b 
 
Compound R VAP-1 IC50 (μM)
a 
CYP inhibition 
(Residual activity)b CLogP c 
Human Rat 3A4 2C19 
4gd 
 
0.34 0.036 57% 63% 1.22 
36be 
 
0.031 0.015 91% 74% 0.59 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Residual activities of HLM were evaluated using midazolam (for CYP3A4) or S-mephenytoin (for CYP2C19) as 
a probe substrate. 
c CLogP values calculated using ACD LogP prediction software.26) 
d Ethanedioate salt. 
e (2R, 3R)-tartrate salt. 
 
第一節で記述した通り、CYP2C19 阻害作用を低減させるため、36b のモルホリニル基が位置する溶媒
領域への極性置換基導入を検討した（Table 13）。36b のモルホリニル基を 2-ヒドロキシメチルピロリジ
ニル基へと変換した 47a, 47b および、4-ヒドロキシピペリジニル基へと変換した 40 は、36b と比較し
VAP-1 阻害活性が減弱した。一方、4-(2-ヒドロキシエチル)ピペリジニル基を導入した 47d は 36b と同
等の VAP-1 阻害活性を示した。40 と 47d の関係から、水酸基の導入位置が VAP-1 阻害活性に影響を与
える傾向が明らかとなった。この傾向は水酸基だけではなく、カルボキシル基の導入に関しても同様で
あった。即ち、イソニペコチン酸誘導体 47e では VAP-1 阻害活性が 36b の 1/50 以下まで減弱したのに
対し、3-(ピペリジン-4-イル)プロピオン酸誘導体 47f では 1/5 の活性低下にとどまった。極性置換基が
VAP-1 阻害活性に与える影響を確認するため、無置換ピペリジン誘導体 47c を評価した。その結果、47c
は 36b より活性が減弱していることが分かり（IC50 = 0.25 μM）、極性置換基が VAP-1 阻害活性に重要で
あるであることが確認された。CYP 阻害作用に関しては、47d は CYP2C19 阻害活性が減弱（残存率: 
82%）するものの、36b より強力な CYP3A4 阻害活性を示した（残存率: 46%）。一方、カルボキシル基
R
 41 
 
の導入（47e および 47f）は CYP3A4, CYP2C19 阻害作用回避に有効であった。そこで、CYP 阻害作用回
避と VAP-1 阻害活性向上の両立を目指し、カルボン酸誘導体をさらに検討することとした。47e と 47f
が示すように、カルボキシル基導入の位置が VAP-1 阻害活性に大きな影響を与えることから、「適切な
位置でカルボキシル基を固定化できれば 47f より活性が向上する」、という仮説を立て、安息香酸誘導体
をデザインした。合成の容易さを考慮し、ピペラジン型で合成を行った。その結果、安息香酸誘導体 47g
は 47f と比較し、6 倍以上強力な VAP-1 阻害作用を示した（IC50 = 0.024 μM）。また、3-クロロ安息香酸
誘導体 47h は 47g と同等の VAP-1 阻害活性を示したことから、末端フェニル基 3 位の立体的許容性が示
唆された。さらに、47g および 47h は期待通り、CYP 阻害の懸念が少ない化合物であった。なお、構造
的に近い基質での検討により、末端フェニル基への置換基導入は 3 位が最適であったので（data not 
shown）、2 位への置換基導入は実施しなかった。 
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Table 13. Substituent effect on VAP-1 potency and CYP inhibition.  
 
Compound R 
Human 
VAP-1 IC50 
(μM)a 
CYP inhibition 
(Residual activity)b 
3A4 2C19 
36bc  0.031 91% 74% 
47ad 
 
0.30 NTe NTe 
47bd 
 
0.24 NTe NTe 
40c 
 
0.13 NTe NTe 
47dc 
 
0.045 46% 82% 
47ed 
 
1.7 112% 104% 
47fd 
 
0.14 108% 119% 
47cd 
 
0.25 NTe NTe 
47gd 
 
0.024 100% 106% 
47hd 
 
0.025 98% 109% 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Residual activities of HLM were evaluated using midazolam (for CYP3A4) or S-mephenytoin (for CYP2C19) as 
a probe substrate. 
c (2R, 3R)-tartrate salt. 
d Dihydrochloride salt. 
e NT = not tested. 
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47h に代表される安息香酸誘導体が有する強力なヒト VAP-1 阻害活性の理由を探るため、47h とヒト
VAP-1 とのドッキングスタディを実施した（Figure 13）。リード化合物 4g と重ね合わせた結果（Figure 
13a）、化合物 47h は 4g と同様の結合様式を有することが示唆された。47h の安息香酸部位は、4g が有
するモルホリニル基の酸素原子の先に位置しており、Figure 8（29 ページ）で予想した通り、溶媒領域
の立体的許容性が大きいことが確認された。また、ピリミジニル基と Leu447 との CH-π 相互作用をはじ
め、47h はヒト VAP-1 との複数の相互作用獲得が示唆された。この複数の相互作用に加え、先述したピ
リミジニル基導入による電子的な効果が 47h の強力なヒト VAP-1 阻害活性に寄与していると考えられ
る。また、カルボキシル基導入による活性向上（47c versus 47f, 47g, 47h）に関しては、溶媒部に His450
や Lys423 などの塩基性残基が存在していることが理由の一つとして挙げられる。さらに、安息香酸誘
導体（47g, 47h; IC50 = 0.024 μM, 0.025 μM）においては、カルボキシル基の位置が His450, Lys423 に対し
て最適な位置で固定化されたために、47f（IC50 = 0.14 μM）より強力な VAP-1 阻害活性を示した可能性
が考えられる。 
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                         (a)         
 
                               (b)  
Figure 13. (a) Results of molecular modeling for 4g (pink) and 47h (green, ball and stick) with human VAP-1. (b) 
Two-dimensional diagram prepared by the ligand interactions application in MOE24b. Arrows indicate interactions. 
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第四節 ex vivo 評価および PK 評価 
 
強力なヒト VAP-1 阻害活性を有しており、さらに CYP 阻害の懸念が少ない 47g と 47h に関して、さ
らなる評価を実施した（Table 14）。47g は IC50 = 0.010 μM, 47h は IC50 = 0.015 μM のラット VAP-1 阻害
活性を示し、いずれの化合物もリード化合物 4g より種差が低減していた（4g: ヒト VAP-1 IC50 = 0.34 μM, 
ラット VAP-1 IC50 = 0.036 μM）。次に、これらの化合物に関してラット ex vivo 試験を実施した。化合物
を 1.0 mg/kg 経口投与したところ、投与 1 時間後に 47g は 68%, 47h は 96%の血漿中 VAP-1 活性を阻害し
た。47g と比較し、優れた水溶性を示すことが 47h の強力な ex vivo 活性につながったと考えられる。末
端フェニル基 3 位へのクロロ基導入により、分子の対称性が崩れたことが水溶性改善の一因として挙げ
られる 31)。47h はさらに低用量の 0.3 mg/kg の経口投与においても、64%の血漿中 VAP-1 活性を阻害し
た。興味深いことに、これらの化合物は投与 6 時間後においても 1 時間後と同等の血漿中 VAP-1 活性阻
害作用を示した。この ex vivo 活性の持続と PK の関係を考察すべく、47h のラット PK 評価を実施した
（Table 15）。その結果、バイオアベイラビリティ（BA）は 17%であるものの、1.0 mg/kg の経口投与 1
時間後における 47h の血漿中濃度はラット IC50 値の 15 倍の濃度（111 ng/mL）であることが分かった。
この 1 時間後の血漿中濃度から、1 時間後での ex vivo 活性は妥当であると考えられる。一方、6 時間後
の血漿中濃度はラット IC50 値よりわずかに低い 7.1 ng/mL であった。血漿中濃度が低い 6 時間後におい
ても ex vivo 活性が持続することから、47h は薬効の持続が長い化合物であるといえる。この血漿中濃度
と ex vivo 活性との関係から、47h はひとたび TPQ とシッフ塩基を形成すると、その解離が遅いために
ex vivo 活性が持続すると考察した。 
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Table 14. Profiles of 47g and 47h 
 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Residual activities of HLM were evaluated using midazolam (for CYP3A4) or S-mephenytoin (for CYP2C19) as 
a probe substrate. 
c Inhibitory effect on plasma VAP-1 activity in rats (n = 4) at 1 h or 6 h after oral administration of test compounds. 
d Aqueous solubility in 2nd fluid for disintegration test in Japanese Pharmacopeia (JP2; pH = 6.8) or in JP2 + 15 
mM of sodium taurocholate (JP2 + TC). 
e Dihydrochloride salt. 
 
Table 15. Pharmacokinetic profiles of compound 47h in rats 
Route 
(1.0 mg/kg) 
AUC 
(ng∙h/mL) 
Cmax 
(ng/mL) 
CLtot 
(mL/min/kg) 
t1/2 
(h) 
Vdss 
(L/kg) 
BA 
(%) 
i.v. 1920  8.69 1.39 0.386  
p.o. 334 113  1.29  17.4 
  
Comp
ound R 
VAP-1 IC50 (μM)a 
CYP inhibition 
(Residual 
activity)b 
Rat ex vivoc Solubility (μM)d 
Human Rat 3A4 2C19 
Dose 
(mg/kg, 
p.o.) 
Inhibition ratio 
JP2 JP2 + TC 1 h 6 h 
47ge H 0.024 0.010 100% 106% 1.0 68% 60% <1 <1 
47he Cl 0.025 0.015 98% 109% 
1.0 96% 93% 2.3 89.6 
0.3 64% 62% 
 47 
 
第五節 in vivo 薬効評価 
 
以上の結果から 47h を選択し、ストレプトゾトシン（STZ）誘発糖尿病モデルラットにおける尿中蛋
白排泄増加抑制作用を評価した。Figure 14a に示す通り、47h は 1 日 1 回 0.3 および 1.0 mg/kg の経口投
与において、有意な尿中蛋白排泄増加抑制作用を示した。また、4 週間投与後におけるモデルラットの
血漿中 VAP-1 活性を測定したところ、0.3 および 1.0 mg/kg 投与群において、有意な血漿中 VAP-1 活性
の阻害を確認した（Figure 14b）。これらの結果から、VAP-1 の阻害により、STZ モデルラットにおける
尿中蛋白排泄増加が抑制されることが確認できた。 
                   (a)                                        (b)  
Figure 14. (a) Effect of oral administration of 47h on the progression of proteinuria in STZ-induced diabetic rats. 
(b) Inhibitory effect on plasma VAP-1 activity 24 h after the final dose of a 4-week 47h regimen in STZ-induced 
diabetic rats. The data represent the mean ± SEM: ***p<0.001 versus sham group (Student’s t-test), ##p<0.01 versus 
STZ control group (Dunnett’s multiple comparison test). 
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第六節 本章のまとめ 
 
本章では、リード化合物 4g の種差低減と CYP 阻害作用の減弱を目指し、その構造変換を行った。ドッ
キングスタディとヒト・ラット間のアミノ酸配列比較の結果に基づき、リード化合物 4g の 4’-モルホリ
ノフェニル基を 2-モルホリノピリミジニル基へと変換することで、10 倍以上のヒト VAP-1 阻害活性向
上を達成し、種差を低減した化合物 36b を見出した。さらに、溶媒領域へのカルボキシル基導入の位置
最適化により、VAP-1 阻害活性を保持したまま、CYP 阻害作用が回避可能であることを見出した。これ
らの知見を活かし、ヒト VAP-1 阻害活性が向上し、CYP 阻害作用を回避した安息香酸誘導体の 47g お
よび 47h を創出した。その中で、47h は強力な ex vivo 活性を示し、さらに、STZ 誘発の糖尿病モデル
ラットにおいて低用量の経口投与で尿中蛋白排泄増加抑制作用を示すことが確認できた。これらの結果
から、47h は糖尿病性腎症の治療薬となりうる可能性が示された。 
 
Figure 15. Summary of Chapter 2 
  
モデルラットで有効＠ 0.3, 1.0 mg/kg (p.o.)
Enhancement of
VAP-1 inhibitory activity
human VAP-1 IC50: 0.031 μM
Reduction of
CYP inhibition
human VAP-1 IC50: 0.025 μM
rat    VAP-1 IC50: 0.015 μM rat    VAP-1 IC50: 0.015 μM rat    VAP-1 IC50: 0.036 μM 
4g
human VAP-1 IC50: 0.34 μM
CYP inhibition (3A4, 2C19);
residual activity: 57%, 63%
CYP inhibition (3A4, 2C19);
residual activity: 98%, 109%
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CYP inhibition (3A4, 2C19);
residual activity: 91%, 74%
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第三章 新規カルバムイミドイルカルバメート誘導体の合成および構造活性相関 
 
第一節 課題と合成方針 
 
第二章ではリード化合物 4g からの合成展開を行い、VAP-1 阻害活性の種差低減と CYP 阻害作用の減
弱を達成し、STZ 誘発糖尿病モデルラットにおいて低用量の経口投与で尿中蛋白排泄増加抑制作用を示
す化合物 47h を見出した。しかしながら、化合物 47h はラットおよびヒトの血漿中では安定であるもの
の、イヌおよびサルの血漿中では不安定であった。すなわち、Table 16 に示す通り、それぞれの血漿と
化合物 47h を 6 時間インキュベーションしたところ、イヌおよびサルの血漿では 47h の残存率は 1%以
下であった。このことから、イヌおよびサルにおける化合物 47h の PK 評価は困難である。したがって、
化合物 47hではこれらの動物種における安全性試験が実施できない。安全に臨床試験を実施するために、
医薬品の臨床試験及び製造販売承認申請のための非臨床安全性試験の実施についてのガイダンス（ICH 
M3）ではげっ歯類・非げっ歯類両方での安全性試験が求められている 32)。そこで、イヌおよびサルなど
の非げっ歯類での血漿中安定性を改善し、これらの動物種で良好な薬物動態特性を有する化合物を創出
するため、化合物 47h のさらなる構造変換を行うこととした。 
 
Table 16. Profile of compound 47h 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Residual ratios (% of initial concentration) of compound 47h after 6 h incubation with plasma from each species. 
c Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2; pH = 6.8). 
 
化合物 47h と同じ TPQ 結合部位を有する他のグリシンアミド誘導体も同様に、イヌおよびサルの血
漿中で不安定であることから、47h の TPQ 結合部位の構造がその原因であると推測した。序論にて記述
Structure 
Human 
VAP-1 
IC50 (μM)a 
Residual ratios (% of initial concentration)b Solubility 
(μM)c Human Rat Dog Monkey 
 
0.025 99.2 104 <1 <1 2.3 
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した通り、SSAO は 1 級アミノ基のアルデヒドへの酸化を触媒するため 13)、CH2-NH2 基を有する 47h は
SSAO の基質となりうる。さらに、ヒト以外の哺乳類では血漿中 SSAO 活性が非常に高いことと合わせ
て考え、「化合物 47h はイヌおよびサルの血漿中では、SSAO により速やかに酸化されるために不安定で
ある」、と仮説を立てた。 
この仮説を検証するため、CH2-NH2 基を持たない VAP-1 阻害剤の創出を目指すこととした。井上らは
CH2-NH2 基を持たない VAP-1 阻害剤として、0.23 μM の IC50値を示すグアニジン誘導体 1 を報告してい
る 21a)。グアニジン誘導体は CH2-NH2基を持たないため、SSAO の基質にはなり得ない。したがって、イ
ヌおよびサルの血漿中における安定性の改善が期待できる。ただし、化合物 1 は経口吸収性が低く、ラッ
トへの皮下投与（s.c.）での薬効が報告されているのみである 21a)。おそらくグアニジル基が有する強塩
基性に由来し、経口吸収性が低いと考えられる。そこで著者は化合物の塩基性も考慮し、CH2-NH2 基を
持たないグリシンアミド誘導体の生物学的等価体として、カルバムイミドイルウレア誘導体（a）、カル
バムイミドイルカルバメート誘導体（b）、アシルグアニジン誘導体（c）デザインした（Figure 16）。 
血漿中での不安定性に加え、47h は pH = 6.8 のバッファー中における難水溶性がさらなる課題であっ
た（Table 16）。一般的に難水溶性の化合物は、投与された後、生体内で溶解する前に排出される割合が
高くなるため、薬物動態に問題が生じる場合が多い 33)。したがって、化合物の水溶性は低分子医薬品の
創製における重要な要素である。水溶性は、化合物の水との親和性および、結晶の柔らかさの両方に影
響を受ける。そのため、水溶性改善に向けた戦略としては、脂溶性低減による水との親和性向上と、分
子の平面性および対称性の崩壊によって結晶を柔らかくすることなどが知られている 31, 34)。化合物の物
性を考慮し、今回は分子の平面性・対称性を崩す戦略に着目し、ビアリール部位の変換を行うこととし
た（Figure 16）。 
 
Figure 16. Structures of compound 47h and 1, and synthetic strategy from 47h.  
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第二節 化合物の合成 
 
第三章において評価した誘導体は以下に示す方法を用いて合成した。化合物 52a-b および 56 の合成
法を Scheme 11 に示す。化合物 48 のリチウム-ハロゲン交換反応、続くホルミル化により、アルデヒド
49 を得た。49 とホスホニウム塩との Wittig 反応を行った後、Pd/C 存在下で水素添加反応を行い、50a-b
を得た。続いて 51 と反応させ、最後に Boc 基を脱保護してベンズグアニジン誘導体 52a-b を合成した。
市販のフェネチルアミン 53 は、1 級アミノ基の Boc 基保護、AIBN と NBS を用いたベンジル位のブロ
モ化の後、PPh3 と反応させることでホスホニウム塩 54 へと誘導した。続いて化合物 49 との Wittig 反
応、水素添加反応により化合物 55 を得た。55 の Boc 基を脱保護した後、52a-b と同様の合成法にて化
合物 56 を合成した。 
 
Scheme 11. Reagents and conditions: (a) n-BuLi, THF, -78 °C, then DMF, -78 °C to 0 °C; (b) (3-
nitrobenzyl)(triphenyl)phosphonium bromide or (4-nitrobenzyl)(triphenyl)phosphonium bromide, t-BuOK, THF, 
0 °C to room temperature; (c) H2, Pd/C, EtOH/THF; (d) N,N´-bis(tert-butoxycarbonyl)-1H-pyrazole-1-
carboximidamide (51), DIPEA, THF; (e) 4 M HCl (EtOAc solution), MeOH; (f) Boc2O, Et3N, THF; (g) NBS, AIBN, 
CCl4, reflux; (h) PPh3, toluene, 100 °C; (i) 49, t-BuOK, THF, 0 °C to room temperature. 
 
  
51
60%
4.9% 17% 18%
52a: 3-guanidino (23%)
52b: 4-guanidino (9.3%)
-
50a: 3-NH2 (69%)
50b: 4-NH2 (39%)
48
3
49
4
53 56
3
5554
a
4
f, g, h e, d, ei, c
d, eb, c
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次にアシルグアニジン誘導体 60 の合成法を示す（Scheme 12）。市販化合物であるホスホニウム塩 57
とアルデヒド 49 との Wittig 反応を行った後、濃硫酸存在下でのエステル化反応により、化合物 58 へと
誘導した。続いて水素添加反応により二重結合を還元し、化合物 59 を得た。59 のエチルエステルを加
水分解して得られるカルボン酸を CDI で活性化した後、炭酸グアニジンと反応させることでアシルグア
ニジン誘導体 60 合成した。 
 
Scheme 12. Reagents and conditions: (a) 49, NaH, DMF, -20 °C to room temperature; (b) conc.H2SO4, EtOH, 
70 °C; (c) H2, Pd/C, EtOH; (d) 1M NaOH aq., EtOH; (e) CDI, DMF, 0 °C to room temperature, then guanidinium 
carbonate. 
 
66a-h および 70 は Scheme 13 に示す合成法を用いて合成した。61a-b に対して宮浦ホウ素化反応を行
い、ボロン酸エステル 62a-b を得た。62a-b を含む種々のボロン酸エステルあるいはボロン酸と化合物
63 との鈴木-宮浦カップリング反応、または、化合物 64 と（3-ブロモフェニル）メタノールとの鈴木-宮
浦カップリング反応により、65a-h を合成した。アシルグアニジン誘導体 66a は 60 と同様の合成法を用
いて、65a より誘導した。アルデヒド 65b とメチルアミンとの還元的アミノ化を行った後、CDI による
活性化、炭酸グアニジンとの反応により、カルバムイミドイルウレア誘導体 66b を得た。ベンジルアル
コール 65c-e は CDI により活性化した後、炭酸グアニジンまたは塩酸グアニジンと反応させることで、
カルバムイミドイルカルバメート誘導体 66c-e へと誘導した。66f-h は 65f-h を水素化ホウ素ナトリウム
によりベンジルアルコールへと還元した後、66c-e と同様の合成法にて合成した。市販化合物である 67
に対して芳香族求核置換反応を行い、ピリミジン 2 位へモルホリニル基を導入した後、NBS によりピリ
ミジン 5 位をブロモ化し、化合物 68 とした。続いて、（2-フルオロ-3-ホルミルフェニル）ボロン酸との
鈴木-宮浦カップリング反応を行い、69 へと誘導した。70 は 66f-h と同様の合成法により、69 より合成
した。 
 
18% 87% 32%-
57
c
58 59
d, e
60
a, b
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Scheme 13. Reagents and conditions: (a) 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-1,3,2-dioxaborolane, PdCl2(PPh3)2, 
KOAc, dioxane, 80 °C; (b) Ar-B(OH)2 or Ar-B(Pin), Pd(PPh3)4, Na2CO3, solvents, 80 °C; (c) Ar-B(OH)2, Pd(OAc)2, 
SPhos, K3PO4, toluene/H2O, 100 °C; (d) (3-bromophenyl)methanol, Pd(PPh3)4, Na2CO3, DME/H2O, 80 °C; (e) 1 
M NaOH aq., EtOH/THF; (f) CDI, DMF, 0–70 °C, then guanidinium carbonate or guanidinium chloride, NaH; (g) 
methylamine hydrochloride, NaOAc, NaBH(OAc)3, AcOH, 0 °C to room temperature; (h) CDI, DMF, 0 °C to room 
temperature, then guanidinium carbonate, DBU, 70 °C (i) NaBH4, MeOH/THF, 0 °C to room temperature; (j) 
morpholine, EtOH, 80 °C; (k) NBS, CH2Cl2, 0 °C to room temperature. 
 
  
82% 65% 76%
a
b or c
61a: R2 = Me
61b: R2 = Cl
62a: R2 = Me (98%)
62b: R2 = Cl (82%)
65a: R1 = R2 = H, X = CH2CO2Et (96%)
65b: R1 = R2 = H, X = CHO (89%)
65c: R1 = R2 = H, X = CH2OH (82%)
65d: R1 = H, R2 = Me, X = CH2OH (60%)
65e: R1 = H, R2 = Cl, X = CH2OH (63%)
65f:  R1 = F, R2 = H, X = CHO (96%)
65g: R1 = H, R2 = F, X = CHO (99%)
65h: R1 = R2 = F, X = CHO (24%)
66a: R1 = R2 = H, X = bond (11%)
66b: R1 = R2 = H, X = NMe (29%)
66c: R1 = R2 = H, X = O (39%)
66d: R1 = H, R2 = Me, X = O (44%)
66e: R1 = H, R2 = Cl, X = O (62%)
66f:  R1 = F, R2 = H, X = O (62%)
66g: R1 = H, R2 = F, X = O (87%)
66h: R1 = R2 = F, X = O (49%)
d
e, f (for 20a)or
g, h (for 20b)
j, k c i, f
69
i, f (for 20f-h)
f (for 20c-e)
67
or
68
or
70
63
64
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次に 74a-b と 78a-e の合成法を Scheme 14, 15 に示す。化合物 71 の 1 級水酸基をパラメトキシベンジ
ル（PMB）基で保護して得られる 72 と種々のアミンとの Buchwald-Hartwig 反応、続く PMB 基の脱保護
により、ベンジルアルコール体 73a-b を合成した。73a-b は 66c-e と同様の合成法により、74a-b へと誘
導した。76b は化合物 75 の 1 級水酸基を tert-ブチルジメチルシリル（TBS）基で保護することにより合
成した。市販化合物である 76a または 76b と種々のアミンとの Buchwald-Hartwig 反応、続く TBS 基の
脱保護により、ベンジルアルコール体 77a-e を合成した。78a-e は 77a-e から 66c-e と同様の手法により
合成した。 
 
Scheme 14. Reagents and conditions: (a) 1-(chloromethyl)-4-methoxybenzene, NaH, DMF, 0 °C to room 
temperature; (b) amine, Pd2(dba)3, BINAP, t-BuONa, toluene, 100 °C; (c) TFA, CH2Cl2, 0 °C; (d) CDI, DMF, then 
guanidinium carbonate. 
 
 
 
Scheme 15. Reagents and conditions: (a) tert-butyl(chloro)dimethylsilane, 1H-imidazole, THF; (b) amine, 
Pd2(dba)3, BINAP, t-BuONa, toluene, 80–100 °C; (c) 1 M HCl aq. or TBAF, THF; (d) CDI, DMF, then guanidinium 
carbonate. 
 
98%
(88%) (85%)
(69%) (70%)
d
71 72
a
73a: R = 74a: R = 
73b: R = 
b, c
74b: R = 
(88%)
(31%)
(73%) (65%)
(96%)
(74%)
(78%)
(80%)
(72%)
(54%)
75 77a: X = H, R = 
77b: X = H, R = 
a
77d: X = F, R = 
77e: X = F, R = 
77c: X = F, R = 
78a: X = H, R = 
78d: X = F, R = 
78e: X = F, R = 
78b: X = H, R = 
d 
78c: X = F, R = 
76a: X = H
76b: X = F (95%)
b, c
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81 は Scheme 16 に示す合成法を用いて合成した。76a と 1-Boc-ピペラジンとの Buchwald-Hartwig 反応
により化合物 79 を得た。続いて、4M 塩酸を用いて 79 の Boc 基と TBS 基を同時に脱保護した後、
tetrahydro-4H-pyran-4-one との還元的アミノ化により 80 へと誘導した。81 は 66c-e と同様の手法により
80 から合成した。 
 
 
Scheme 16. Reagents and conditions: (a) 1-Boc-piperazine, Pd2(dba)3, BINAP, t-BuONa, toluene, 100 °C; (b) 4 M 
HCl (EtOAc solution), MeOH; (c) tetrahydro-4H-pyran-4-one, NaBH(OAc)3, AcOH, CH2Cl2; (d) CDI, DMF, then 
guanidinium carbonate. 
 
 
最後に 86a-b の合成法を Scheme 17 に示す。炭酸カリウム存在下、82 を 1-Boc-3-ヨードアゼチジンと
反応させた後、Boc 基を脱保護することで 84a を得た。84b は 83 と 1-Boc-3-ヒドロキシアゼチジンとの
光延反応、続く Boc の脱保護により合成した。84a-b と 76b との Buchwald-Hartwig 反応を行った後、TBS
基を脱保護することで 85a-b を得た。86a-b は 85a-b より、66c-e と同様の手法により合成した。 
 
 
Scheme 17. Reagents and conditions: (a) tert-butyl 3-iodoazetidine-1-carboxylate, K2CO3, DMF, 100 °C; (b) TFA, 
DCE; (c) tert-butyl 3-hydroxyazetidine-1-carboxylate, DIAD, PPh3, THF, 55 °C; (d) 76b, Pd2(dba)3, BINAP, t-
BuONa, toluene, 90 °C; (e) TBAF, THF; (f) CDI, DMF, then guanidinium carbonate. 
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第三節 VAP-1 阻害活性および血漿中安定性・水溶性・CYP 阻害作用の評価結果ならびに考察 
 
第三章で合成した化合物の VAP-1 阻害活性は第一章・第五節（23 ページ）で述べた方法により評価
した。いくつかの化合物に関しては pH = 6.8 のバッファー中における水溶性と CYP 阻害作用を評価し
た。 
化合物 47h の TPQ 結合部位の変換を行うにあたり、2-(morpholin-4-yl)pyrimidin-5-yl 誘導体を合成し、
化合物 47h と同等の VAP-1 阻害活性を示す化合物 36b（IC50 = 0.031 μM）と比較することとした。合成
の簡便さと、化合物 36b は良好な水溶性（≥ 100 μM）を示すことが理由である。第一節に記述した通り、
CH2-NH2 基を持たないグリシンアミド誘導体の生物学的等価体として、カルバムイミドイルウレア誘導
体 66b、カルバムイミドイルカルバメート誘導体 66c、アシルグアニジン誘導体 66a をデザインし、評
価した。結果を Table 17 に示す。66b は 36b より活性が減弱したが、66c と 66a は VAP-1 阻害活性を保
持した（IC50 = 0.047 μM, 0.056 μM）。第一章で説明したように、グリシンアミド誘導体では、TPQ 結合
部位のカルボニル基周辺の立体的許容性が非常に低いことから、66b のカルボニル基に隣接する N-メチ
ル基の立体障害が VAP-1 阻害活性を低下させた可能性が考えられる。（アシル）グアニジン誘導体の構
造活性相関（SAR）を探索するため、さらなる誘導体合成を行った。井上らが報告しているグアニジン
誘導体 1 はエチレンリンカーを有していることから、66a にエチレンリンカーを導入したところ、化合
物 60 は活性を保持するものの、カルボニル基を除去した 56 は活性が消失した。この結果から、TPQ 結
合部位のカルボニル基は活性発現に必須であることが示唆された。また、フェニルグアニジン誘導体 52a
および 52b も活性が大きく減弱した。井上らは、化合物 1 はグアニジン部位だけでなく、チアゾールア
ミド部位も VAP-1 と相互作用しており、活性発現に重要であると報告している 21a)。このことから、52a
および 52b の活性低下は、これらの化合物の 2-(morpholin-4-yl)pyrimidin-5-yl 部位が VAP-1 のリガンド
結合ポケットにフィットしないためであると考えられる。以上の検討から、CH2-NH2 基を持たないグリ
シンアミド誘導体の生物学的等価体として、アシルグアニジン誘導体（66a および 60）とカルバムイミ
ドイルカルバメート誘導体 66c を見出した。これらの化合物の中で、アシルグアニジン誘導体は化学的
安定性が低く、pH = 6.8 のバッファー中で加水分解を受けてカルボン酸が生じることが判明したため、
カルバムイミドイルカルバメート誘導体 66c を選択し、血漿中での安定性を評価した。 
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Table 17. SARs of 2-(morpholin-4-yl)pyrimidin-5-yl derivatives 
 
Compound R Human VAP-1 IC50 (μM)a 
36bb 
 
0.031 
66bb 
 
0.53 
66cb 
 
0.047 
66ab 
 
0.056 
60b 
 
0.054 
56c 
 
>10 
52ac 
 
>10 
52bc 
 
5.1 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b (2R, 3R)-tartrate salt. 
c Dihydrochloride salt. 
 
Table 18 に示す通り、66c は化合物 47h と比較してイヌおよびサルの血漿中での安定性が飛躍的に改
善しており、いずれの動物種においても血漿との 6 時間インキュベーション後に明確な 66c の減少は確
認されなかった。この結果から、CH2-NH2 基を有するグリシンアミド構造から CH2-NH2 基を持たないカ
ルバムイミドイルカルバメート構造へと変換することで、VAP-1 阻害活性を保ったまま、イヌおよびサ
ルの血漿中における安定性が改善することが明らかとなった。 
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Table 18. Profiles of 47h, 66c, and 36b. 
Compo
und Structure 
Human 
VAP-1 
IC50 (μM)a 
Residual ratios (% of initial 
concentration)b Solubility (μM)c CLogP
 d 
Human Rat Dog Monkey 
47he 
 
0.025 99.2 104 <1 <1 2.3 3.38 
66cf 0.047 101 105 98.3 103 8.3 0.63 
36bf 
 
0.031 NTg ≥100 0.59 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Residual ratios (% of initial concentration) of test compound after 6 h incubation with plasma from each species. 
c Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2; pH = 6.8). 
d CLogP values calculated using ACD LogP prediction software26). 
e Dihydrochloride salt. 
f (2R, 3R)-tartrate salt. 
g NT = not tested. 
 
しかしながら、66c の VAP-1 阻害活性は 47h の 1/2 程度であり、水溶性も低い（8.3 μM）化合物であっ
た。そこで、活性向上と水溶性改善を目的に、さらなる構造最適化を行うこととした。第一節で記述し
た通り、水溶性を向上させるための戦略としては、脂溶性の低減および、分子の平面性・対称性を崩す
戦略が知られている。脂溶性は水溶性のみならず、吸収・分布・代謝・排泄・毒性（ADMET）全般に深
く関与しており 34a)、良好なバイオアベイラビリティを獲得するには LogP 値は 0 から 3 の範囲が望まし
いと報告されている 35)。66c の脂溶性はこの LogP 値の範囲のほぼ下限であることから、脂溶性低減は
66c の水溶性改善に向けた戦略には不適切であると考えた。そこで、今回は分子の平面性・対称性を崩
す戦略を採用した。平面性・対称性を崩してビアリール化合物の水溶性を改善している例として、ビア
リール構造のオルト位への置換基導入（Table 19）34c)および、一方のアリール環の飽和環への変換が報
告されている（Table 20）34d)。そこで、66c のビアリール構造に着目し、同様の変換を試みた。なお、
66c と 36b の水溶性には大きな差があることから、カルバムイミドイルカルバメート部位が 66c の難水
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溶性の一因であると推測されるが、この部分構造は VAP-1 阻害活性と血漿中安定性の両方に重要であ
るため、その変換は実施しないこととした。 
 
Table 19. Example of improved aqueous solubility by introducing substituents at ortho position of biaryl 
compound34c). 
 
 
 
 
 
 
 
 
 
a Solubility in a mixture of equal volumes of EtOH and 1:15 M phosphate buffer (pH 7.4). 
 
 
Table 20. Example of improved aqueous solubility by replacing one of the aryl rings in the biaryl structure with 
saturated rings34d). 
 
Compound R Solubility (μg/mL)a 
90 
 
<1 
91 
 
5 
92 
 
9 
93  173 
a Aqueous solubility in 0.01 N HCl.  
Compound X Y Solubility (mg/mL)a 
87 H H 1.35 
88 Me H 9.95 
89 F F 10.4 
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まず、66c のフェニル基 2 位・4 位および、ピリミジニル基 3 位への置換基導入を検討した。（Table 
21）。フェニル基 4 位へのフッ素原子導入（66f）では、66c と比較して VAP-1 阻害活性が減弱するもの
の、水溶性は期待通り改善した（68 μM）。この結果から、フェニル基 4 位への置換基導入は、66c の水
溶性改善に効果的であることが示唆された。一方、興味深いことにフェニル基 2 位へフッ素原子を導入
した 66g は、66c より 5 倍強力な VAP-1 阻害活性（IC50 = 0.0092 μM）を示したが、水溶性は改善しな
かった。非常に強力な VAP-1 阻害活性を示したことから、その水溶性改善を目的に、66g のさらなる構
造変換を実施した。フッ素原子よりかさ高い置換基を導入した 66d と 66e では活性が大幅に低下した。
この結果から、フェニル基 2 位の立体的許容性は低いことが示唆され、フッ素原子が最適であると判断
した。次に、66g のフェニル基 4 位（66h）またはピリミジニル基 3 位（70）へ、さらなる置換基導入を
試みた。66h は 66g よりやや水溶性が改善するものの、活性が 1/8 に低下した。70 の水溶性は 90 μM で
あり、66g より大きく改善していたものの、VAP-1 阻害活性が大幅に減弱した。以上の検討結果より、
フェニル基 2 位へのフッ素原子導入による活性向上と、フェニル基 4 位（66f）または、フェニル基 2 位
とピリミジニル基 3 位（70）への置換基導入による水溶性改善が示唆された。しかしながら、66c のフェ
ニル基 2 位・4 位および、ピリミジニル基 3 位への置換基導入のみでは、強力な VAP-1 阻害活性と良好
な水溶性の両立は困難であった。そこで、次の戦略として、アリール環の飽和環への変換を試みた。 
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Table 21. SARs of carbamimidoylcarbamate derivatives 
 
Compound R4 R2 R3 
Human 
VAP-1 IC50 
(μM)a 
Solubility 
(μM)b 
66cc H H H 0.047 8.3 
66fd F H H 0.099 68 
66ge H F H 0.0092 7.5 
66dc H Me H 0.41 34 
66ed H Cl H 0.60 8.2 
66hc F F H 0.077 17 
70c H F Me 0.40 90 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2; pH = 6.8). 
c (2R, 3R)-tartrate salt. 
d Dihydrochloride salt. 
e Hydrochloride salt. 
  
1
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66c が有するピリミジン環を飽和含窒素複素環へと変換した結果を Table 22 に示す。なお、66c のフェ
ニル基を変換した場合、VAP-1 の活性中心と相互作用している TPQ 結合部位の位置がずれて活性が低
下する可能性が高いと考え、フェニル基の変換は行わないこととした。ピペリジン誘導体 74a およびピ
ペラジン誘導体 81 は、期待通り水溶性が大きく改善し、いずれも 100 μM 以上の水溶性を示した。66c
が有するピリミジン環をピペラリジンやピペラジンなどの飽和含窒素複素環へと変換することにより、
水溶性が大きく改善することが判明した。一方、74a および 81 は VAP-1 阻害活性が 66c の 1/2～1/3 程
度に減弱したため、VAP-1 阻害活性向上を目的に 81 の構造変換を実施した。74a および 81 の活性低下
は、ピリミジニル基の変換により Leu447 との CH-π 相互作用（Figure 13, 44 ページ）を獲得できなく
なったことに起因すると考えられる。 
第一章および第二章で述べたグリシンアミド誘導体の SAR 研究より、81 のテトラヒドロピラニル基
周辺は溶媒領域に位置しており、極性置換基の存在が活性向上に効果があると推測した。そこで、81 の
テトラヒドロピラニル基をピリジル基へと変換したところ、活性の序列は 4-ピリジル>3-ピリジル>2-ピ
リジル（74b > 78a > 78b）であった。74b と 78a は良好な水溶性を保ったまま、66c より強力な VAP-1 阻
害活性を示したが、これらの化合物は CYP 阻害作用を有していた。特に、化合物 74b は CYP2C8 と
CYP2D6 に対して強力な阻害作用を示した。第二章・第一節（34 ページ）で記述したように、CYP 阻害
作用は DDI のリスクにつながる可能性があるため、低減させるべきである。そこで、著者は化合物 78a
が VAP-1 阻害活性、水溶性、CYP 阻害作用に関してバランスのとれている化合物であると考え、78a の
VAP-1 阻害活性向上と CYP 阻害作用減弱を目指し、さらなる構造最適化を実施した。 
66c のフェニル基 2 位へのフッ素原子導入による VAP-1 阻害活性向上（Table 21）と同様の効果を期
待し、78a のフェニル基 2 位へフッ素原子を導入した。その結果、化合物 78c は期待通り VAP-1 阻害活
性が向上した。一方、78c は水溶性が低下したため、酸素リンカー導入により分子の自由度を上げるこ
とで水溶性が改善されることを期待し、化合物 78d をデザインした。期待通り、78d は良好な水溶性を
示した。しかしながら、78c と比較し、78d は VAP-1 阻害活性が減弱し、CYP2D6 および CYP3A4 阻害
活性が増強した。78d の強力な CYP 阻害作用の一因として、ピリジル基の窒素原子が CYP 分子種に認
識されやすい位置に配置されるようになった可能性が考えられる 36)。そこでピリジル基の窒素原子の位 
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置を調節するため、ピペリジニル基をアゼチジニル基へと変換した。アゼチジン誘導体 78e は、78d よ
り VAP-1 阻害活性が向上し、狙い通り CYP3A4 の阻害活性は減弱するものの、CYP2D6 に対する阻害
活性は依然として強力であった。CYP 阻害作用をさらに低減すべく、78e のピリジン窒素の隣接位への
メチル基導入を試みた。2-メチルピリジン誘導体 86a は 78e より VAP-1 阻害活性が減弱し、CYP2C8 阻
害活性を有するものの、その他の CYP 分子種に対する阻害活性は減弱した。一方、ピリジン 6 位にメチ
ル基を導入した 86b は強力な VAP-1 阻害活性を保持しており（IC50 = 0.025 μM）、かつ、いずれの CYP
分子種に対しても阻害活性の懸念が少ない化合物であった。メチル基の立体障害により、ピリジン上の
窒素原子と CYP 分子のヘム鉄との配位が阻害されたことが、86a および 86b の CYP 阻害作用減弱につ
ながった 36)と考えられる。 
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Table 22. SARs of carbamimidoylcarbamate derivatives 
 
Comp
ound R1 X 
Human 
VAP-1 
IC50 
(μM)a 
Solubility 
(μM)b 
CYP inhibition (residual activity, %)c 
1A2 2C8 2C9 2C19 2D6 3A4 
66cd 
 
H 0.047 8.3 96 83 92 102 93 109 
74ae 
 
H 0.16 ≥100 NTg 
81d 
 
H 0.11 ≥100 NTg 
74be 
 
H 0.013 ≥100 86 25 80 91 13 80 
78ae 
 
H 0.031 ≥100 55 92 101 99 68 64 
78be 
 
H 0.14 ≥100 NTg 
78cd 
 
F 0.017 31 94 99 105 96 96 61 
78dd  F 0.045 ≥100 93 61 87 96 11 32 
78ed  F 0.024 ≥100 84 78 97 66 16 56 
86ad 
 
F 0.040 ≥100 89 46 89 91 77 96 
86bd  F 0.025 ≥100 99 91 92 99 95 85 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2; pH = 6.8). 
c Residual activities of human liver microsomes (HLM) was evaluated. 
d (2R, 3R)-tartrate salt. 
e Trihydrochloride salt. 
g NT = not tested.  
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以上の検討により見出された化合物 86b とヒト VAP-1 とのドッキングスタディを実施した。グリシ
ンアミド誘導体 47h と重ね合わせたところ（Figure 17, 18）、86b は、47h とは溶媒領域における結合様
式が大きく異なることが示唆された。この結果より、異なる結合様式が許容されるほど、溶媒領域の立
体的許容性は高いことが確認できた。溶媒領域において、47h と 86b が異なる結合様式を有する要因と
して、著者は以下の二点を考察している。①47h はカルボキシル基が His450, Lys423 などの塩基性残基
周辺に配置されやすい（Figure 13, 44 ページ）のに対し、86b はカルボキシル基を持たないため、ピリ
ジル基が Phe173 周辺の芳香族性に対する親和性が高い領域に配置されやすい点。②47h ではピリミジ
ニル基と Leu469 との CH-π 相互作用（Figure 13, 44 ページ）により、溶媒領域における結合様式が規定
される可能性があるのに対し、86b はこの相互作用を持たない点。 
また、化合物 86b のカルバムイミドイルカルバメート部位における分子内水素結合の形成が示唆され
た（Figure 19）。カルボニル基を除去した化合物 10（Table 17）では活性が消失していることから、この
分子内水素結合により配座が固定化され、VAP-1 との相互作用が獲得可能になったと考えられる。 
 
 
 
 
 
 
 
 
 
Figure 17. Results of molecular modeling for 86b (pink, ball and stick) and 47h (green, stick) with human VAP-1. 
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Figure 18. Results of molecular modeling for 86b (pink, ball and stick) and 47h (green, stick) with human VAP-1 
from different view point. 
 
 
 
Figure 19. Results of molecular modeling for 86b (pink, ball and stick) with human VAP-1.   
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第四節 ex vivo 評価および PK 評価 
 
化合物 47h と同等の VAP-1 阻害活性、および良好な水溶性を有しており、CYP 阻害作用も回避して
いたことから、86b に関してさらなる評価を行った（Table 23, 24）。ラット VAP-1 阻害活性を測定した
ところ、IC50値として 0.0052 μM の活性を示した。次に、ex vivo 活性を評価した。その結果、86b は 0.3 
mg/kg の経口投与により、ラット血漿中 VAP-1 活性を 92%（1 時間後）、74%（6 時間後）阻害し、47h
より強力な ex vivo 活性を示すことが判明した。この結果から、86b は 47h と同様以上の in vivo 薬効が
期待できる。47h と比較し、ラット VAP-1 阻害活性が向上していることと、ラットにおける薬物動態特
性が改善していること（Table 24, CLtot = 5.2 mL/min/kg, BA = 73%）が 86b の強力な ex vivo 活性につな
がったと考えられる。さらに、86b はイヌおよびサルにおいても良好な薬物動態特性を有しており、イ
ヌおよびサルにおける CLtot（mL/min/kg）はそれぞれ 8.9 および 0.7、バイオアベイラビリティはそれぞ
れ 78%および 85%であった。化合物 47h はイヌおよびサルの血漿中における安定性が低いために、これ
らの動物種での薬物動態評価が困難であったが、86b はいずれの動物種においても優れた薬物動態特性
を有することが判明した。これは、CH2-NH2 基を有するグリシンアミド構造から、CH2-NH2基を持たな
いカルバムイミドイルカルバメート構造へと変換したことにより、イヌおよびサルの血漿中における安
定性が改善したためであると考えられる。 
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Table 23. Profiles of 47h and 86b 
a IC50 values are shown as the mean of independent experiments (n = 2). 
b Inhibitory effect on plasma VAP-1 activity in rats (n = 4) at 1 h or 6 h after oral administration of test compounds. 
c Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2; pH = 6.8). 
d Dihydrochloride salt. 
e (2R, 3R)-tartrate salt. 
 
 
Table 24. Pharmacokinetic profiles of compound 86b in rats, dogs, and monkeys. 
Species Dose (mg/kg) 
i.v. p.o. 
AUC 
(ng∙h/mL) 
t1/2 
(h) 
Vdss 
(L/kg) 
CLtot 
(mL/min/kg) 
AUC 
(ng∙h/mL) 
Cmax 
(ng/mL) 
tmax 
(h) 
BA 
(%) 
Rat 1.0 3200 3.3 1.06 5.2 2320 401 0.8 73 
Dog 0.2 380 8.9 4.43 8.9 297 29.9 0.8 78 
Monkey 0.2 5350 64 1.39 0.7 4510 201 2.7 85 
 
 
  
Compo
und Structure 
VAP-1 IC50 
(μM)a Rat ex vivo
b 
Solubility  
(μM)c Human Rat 
Dose 
(mg/kg, 
p.o.) 
Inhibition 
ratio 
(at 1 h) 
Inhibition 
ratio 
(at 6 h)  
47hd 
 
0.025 0.015 0.3 64% 62% 2.3 
86be 
 
0.025 0.0052 0.3 92% 74% ≥100 
 69 
 
第五節 本章のまとめ 
本章では、化合物 47h のイヌおよびサルの血漿中における安定性改善と、水溶性向上を目的に、その
構造変換を実施した。その結果、化合物 47h の TPQ 結合部位であるグリシンアミド構造の生物学的等
価体として、CH2-NH2 基を持たないカルバムイミドイルカルバメート構造を見出した。カルバムイミド
イルカルバメート誘導体 66c は VAP-1 阻害活性を保持したまま、イヌおよびサルの血漿中における安定
性が飛躍的に改善した。また、66c のピリミジン環を飽和含窒素複素環へと変換することで水溶性が大
きく向上することを見出した。さらなる構造最適化の結果、強力な VAP-1 阻害活性と良好な水溶性を両
立し、CYP 阻害作用の懸念が少ない化合物として化合物 86b を創出した。86b は 47h より強力な ex vivo
活性を示すことから、47h と同等以上の in vivo 薬効が期待できる。さらに、86b はいずれの動物種にお
いても優れた薬物動態特性を有しており、化合物 47h が有する課題を解決することができた。 
 
Human VAP-1 IC50: 0.025 μM 
Rat VAP-1 IC50: 0.0052 μM 
VAP-1 inhibitory activity in rat plasma: 
92% (1 h), 74% (6 h) at 0.3 mg/kg, p.o. 
Solubility (pH = 6.8): ≥100 μM 
BA: 73% (Rat), 78% (Dog), 85% (Monkey) 
Figure 20. Profiles of 86b 
 
  
86b
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結論 
 
著者は、糖尿病性腎症治療薬としての新規 VAP-1 阻害剤の開発を目指し、グリシンアミド誘導体およ
び、カルバムイミドイルカルバメート誘導体の構造活性相関研究を実施した。その結果、以下の知見を
得た。 
 
第一章では、アステラス製薬所有化合物より見出されたシード化合物 3 の ex vivo 活性向上を目的に
その構造変換を実施した。その結果、3 の 2 級アミドを 3 級アミドと変換することにより、ラット血液
中における安定性が改善することを見出した。さらに、ヒト VAP-1 タンパクとのドッキングスタディを
活用した合成方針に基づき、グリシンアミド誘導体を合成、評価した。その結果、3 位フェニル基の 4’
位が置換基導入位置として最適であることを明らかにした。これらの知見により、in vitro 活性および ex 
vivo 活性が向上し、ラット PK 評価において中程度のバイオアベイラビリティを示す化合物 4g を見出し
た。以上の結果から、新規経口 VAP-1 阻害剤を見出すために有効なリード化合物として化合物 4g を設
定し、4g の構造最適化研究をさらに進めた。 
 
第二章では、リード化合物 4g の種差低減と、副作用発現の原因となりうる CYP 阻害作用の軽減を目
指し、構造最適化を実施した。種差低減につながる手がかりを探るため、ドッキングスタディとヒト・
ラット間のアミノ酸配列の比較を行った。その結果を基に、「リード化合物 4g の 4’-モルホリノフェニ
ル基周辺の変換により種差が低減する可能性がある」、と仮説を立てた。この仮説に基づき、4g の 4’-モ
ルホリノフェニル基を 2-モルホリノピリミジニル基へと変換することで、10 倍以上のヒト VAP-1 阻害
活性向上を達成し、種差を低減した化合物 36b を見出した。ピリミジニル基周辺の電荷分布の変化によ
り、ヒト VAP-1 との親和性が向上したと考えられる。さらに、溶媒領域へのカルボキシル基導入の位置
最適化により、VAP-1 阻害活性を保持したまま、CYP 阻害作用が回避可能であることを明らかにした。
これらの知見を活かし、ヒト VAP-1 阻害活性が向上し、CYP 阻害作用の懸念が少ないグリシンアミド誘
導体として、化合物 47h を創出した。47h とヒト VAP-1 とのドッキングスタディの結果から、47h は 4g
と同様の結合様式を有しており、また、溶媒領域の立体的許容性が大きいことが示唆された。47h は強
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力な ex vivo 活性を示し、さらに、STZ 誘発糖尿病モデルラットにおいて低用量の経口投与により、有意
な尿中蛋白排泄増加抑制作用を示すことが確認できた。以上の結果から、47h は糖尿病性腎症の治療薬
となりうる可能性が示された。 
 
第三章では、化合物 47h のイヌおよびサル血漿中における安定性改善と、水溶性向上を目的に、さら
なる構造最適化を実施した。グリシンアミド誘導体の血漿中安定性の結果および、SSAO 活性の種差に
関する報告から、「イヌおよびサルの血漿中における不安定性の原因は、化合物 47h の TPQ 結合部位に
おける CH2-NH2 基である」、と仮説を立てた。この仮説を検証すべく、CH2-NH2基を持たない VAP-1 阻
害剤をデザインし、合成および評価を実施した。その結果、カルバムイミドイルカルバメート構造への
変換により、VAP-1 阻害活性を保持したまま、イヌおよびサル血漿中における安定性が飛躍的に改善す
ることを明らかにした。また、カルバムイミドイルカルバメート誘導体 66c のビアリール構造に着目し、
その変換による水溶性向上を検討した。その結果、ピリミジン環の飽和含窒素複素環への変換により、
水溶性が大きく向上することを見出した。さらなる構造最適化の結果、強力な VAP-1 阻害活性と良好な
水溶性を両立し、CYP 阻害作用の懸念が少ない化合物として、化合物 86b を創出した。86b は 47h より
強力な ex vivo 活性を示すことから、47h と同等以上の in vivo 薬効が期待できる。さらに、86b はラッ
ト、イヌ、サルいずれの動物種においても優れた薬物動態特性を有しており、化合物 47h が有する課題
を解決することができた。 
 
本研究により、グリシンアミド誘導体およびカルバムイミドイルカルバメート誘導体の構造活性相関
に関する知見を得た。また、STZ 誘発糖尿病モデルラットにおいて、低用量の経口投与で有意な尿中蛋
白排泄増加抑制作用を示す 47h および、47h より強力な ex vivo 活性と良好な薬物動態特性を有する 86b
を見出した。本研究成果が、今後の VAP-1 阻害剤の研究・開発に応用されることを期待する。 
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実験の部 
 
Chemistry 
1H NMR spectra were recorded on a Varian VNS-400, JEOL JNM-LA400 or JEOL JNM-AL400 spectrometer. 
Chemical shifts were expressed in δ values (ppm) using tetramethylsilane as the internal standard (s = singlet, d = 
doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet, ddd = double double doublet, dddd = double 
double double doublet, tt = triple triplet, and br = broad peak). 13C-NMR spectra were recorded on a BRUKER AV-
III HD 500 spectrometer. Mass spectra (MS) were recorded on JEOL LX-2000, Waters ZQ-2000 or Waters LCT 
Premier mass spectrometer. Elemental analyses were conducted using Yanaco MT-6 (C, H, N), Yanaco JM10 (C, 
H, N), Elementar Vario EL III (C, H, X), Dionex ICS-3000 (S, halogen), and Dionex DX-500 (S, halogen) and were 
within ±0.4% of theoretical values. All reactions were carried out using commercially available reagents and 
solvents without further purification.  
 
Chapter 1 
 
N-(Biphenyl-3-ylmethyl)glycinamide hydrochloride (3) 
To a solution of 3-phenylbenzylamine (5; 190 mg, 1.04 mmol), N-(tert-butoxycarbonyl)glycine (200 mg, 1.14 
mmol) and HOBt (154 mg, 1.14 mmol) in DMF was added WSCD∙HCl (219 mg, 1.14 mmol) at room temperature. 
After being stirred overnight, the mixture was concentrated in vacuo. The residue was diluted with EtOAc and the 
mixture was washed with 0.5 M HCl aqueous solution, 1 M NaHCO3 aqueous solution, and brine. The organic layer 
was dried over MgSO4 and concentrated in vacuo to give the solid. This solid was dissolved in 4 M HCl/EtOAc at 
room temperature. After being stirred for 1 hour, the mixture was concentrated in vacuo. The residue was triturated 
with Et2O and filtered to give the product (285 mg, 99%) as a solid. 1H NMR (DMSO-d6) δ 3.63 (2H, s), 4.43 (2H, 
d, J = 5.8 Hz), 7.30 (1H, d, J = 7.8 Hz), 7.35–7.51 (4H, m), 7.54–7.62 (2H, m), 7.64–7.69 (2H, m), 8.18 (3H, br s), 
9.02 (1H, t, J = 5.6 Hz); MS (ESI) m/z [M+H]+ 241; Anal. Calcd for C15H16N2O∙HCl∙0.2H2O: C, 64.26; H, 6.26; N, 
9.99; Cl, 12.64. Found: C, 64.47; H, 6.21; N, 10.14; Cl, 12.43. 
 
tert-Butyl {2-[(3-bromobenzyl)(methyl)amino]-2-oxoethyl}carbamate (7) 
To a solution of 1-(3-bromophenyl)-N-methylmethanamine (6; 45.6 g, 228 mmol) in CH2Cl2 (700 mL) were added 
N-(tert-butoxycarbonyl)glycine (43.9 g, 251 mmol), WSCD∙HCl (52.4 g, 274 mmol), and HOBt (37.1 g, 275 mmol). 
After being stirred at room temperature for 1 week, the mixture was diluted with water and the mixture was extracted 
with CHCl3. The organic layer was washed with saturated NaHCO3 aqueous solution and brine, dried over Na2SO4, 
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc = 7:1 
to 1:1) to give the product (49.1 g, 60%) as an oil. 1H NMR (CDCl3): this compound exists as a pair of rotamers at 
room temperature. δ 1.44 (minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 2.90 (major rotamer, 3H, s), 2.98 
(minor rotamer, 3H, s), 3.96–4.06 (2H, m), 4.44 (minor rotamer, 2H, s), 4.57 (major rotamer, 2H, s), 5.54 (1H, br 
s), 7.06–7.25 (2H, m), 7.28–7.49 (2H, m); MS (ESI) m/z [M+H]+ 357, 359. 
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N-(Biphenyl-3-ylmethyl)-N-methylglycinamide (4a) 
To a mixture of 7 (215 mg, 0.60 mmol) in dioxane (4.0 mL)/water (1.0 mL) were added phenylboronic acid (110 
mg, 0.90 mmol), Na2CO3 (200 mg, 1.89 mmol), and Pd(PPh3)4 (33 mg, 0.029 mmol) under an argon atmosphere. 
The mixture was stirred at 80 °C for 16 hours. After being cooled to room temperature, the mixture was diluted with 
water and extracted with EtOAc. The organic layer was dried over MgSO4 and concentrated in vacuo. The residue 
was purified by column chromatography on silica gel (hexane/EtOAc = 98:2 to 2:1) to afford tert-butyl {2-
[(biphenyl-3-ylmethyl)(methyl)amino]-2-oxoethyl}carbamate. To a solution of tert-butyl {2-[(biphenyl-3-
ylmethyl)(methyl)amino]-2-oxoethyl}carbamate in EtOAc (3.0 mL) was added 4 M HCl/EtOAc (2.00 mL, 8.00 
mmol). After being stirred at room temperature for 2 hours, the resulting precipitate was filtered to give N-
(Biphenyl-3-ylmethyl)-N-methylglycinamide hydrochloride (146 mg, 83%) as a colorless solid. 1H NMR (DMSO-
d6): this compound exists as a pair of rotamers at room temperature. δ 2.91 (minor rotamer, 3H, s), 2.97 (major 
rotamer, 3H, s), 3.91 (minor rotamer, 2H, s), 3.96 (major rotamer, 2H, s), 4.63 (minor rotamer, 2H, s), 4.64 (major 
rotamer, 2H, s), 7.24–7.29 (1H, m), 7.36–7.42 (1H, m), 7.42–7.51 (3H, m), 7.52–7.70 (4H, m), 8.16 (3H, br s); MS 
(ESI) m/z [M+H]+ 255; Anal. Calcd for C16H18N2O∙HCl: C, 66.09; H, 6.59; N, 9.63; Cl, 12.19. Found: C, 66.10; H, 
6.63; N, 9.60; Cl, 11.96. 
To a solution of N-(Biphenyl-3-ylmethyl)-N-methylglycinamide hydrochloride (240 mg, 0.83 mmol) in water (5.0 
mL) was added 1 M NaHCO3 aqueous solution until pH = 8. The mixture was extracted with CHCl3. The organic 
layer was washed with brine and concentrated in vacuo to give the product (200 mg, 95%) as a solid. 1H NMR 
(DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.74 (2H, br s), 2.87 (minor rotamer, 
3H, s), 2.89 (major rotamer, 3H, s), 3.40 (2H, s), 4.58 (minor rotamer, 2H, s), 4.59 (major rotamer, 2H, s), 7.17–
7.26 (1H, m), 7.35–7.52 (5H, m), 7.52–7.59 (1H, m), 7.62–7.67 (2H, m); MS (FAB) m/z [M+H]+ 255. 
 
 
N-[(4'-Chlorobiphenyl-3-yl)methyl]-N-methylglycinamide hydrochloride (4b) 
Compound 4b was prepared from 7 and (4-chlorophenyl)boronic acid in 75% yield as a colorless solid, using a 
similar approach to that described for 4a∙HCl. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at 
room temperature. δ 2.90 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.90 (minor rotamer, 2H, s), 3.96 
(major rotamer, 2H, s), 4.63 (minor rotamer, 2H, s), 4.64 (major rotamer, 2H, s), 7.24–7.34 (1H, m), 7.44–7.64 (5H, 
m), 7.67–7.80 (2H, m), 8.30 (3H, br s); MS (FAB) m/z [M+H]+ 289; Anal. Calcd for C16H17ClN2O∙HCl: C, 59.09; 
H, 5.58; N, 8.61; Cl, 21.80. Found: C, 59.08; H, 5.61; N, 8.61; Cl, 21.75.  
 
N-[(3'-Chlorobiphenyl-3-yl)methyl]-N-methylglycinamide ethanedioate (4c) 
To a mixture of 7 (293 mg, 0.82 mmol) in toluene (4.0 mL)/water (2.0 mL) were added (3-chlorophenyl)boronic 
acid (192 mg, 1.23 mmol), Na2CO3 (174 mg, 1.64 mmol), and Pd(PPh3)4 (28 mg, 0.025 mmol). The mixture was 
stirred at 80 °C overnight. After being cooled to room temperature, the mixture was diluted with water and extracted 
with EtOAc. The organic layer was dried over MgSO4 and concentrated in vacuo. The residue was purified by 
column chromatography on silica gel (hexane/EtOAc = 1:0 to 1:2) to afford tert-butyl (2-{[(3'-chlorobiphenyl-3-
yl)methyl](methyl)amino}-2-oxoethyl)carbamate. To a solution of tert-butyl (2-{[(3'-chlorobiphenyl-3-
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yl)methyl](methyl)amino}-2-oxoethyl)carbamate in EtOAc (5.0 mL) was added 4 M HCl/EtOAc (10.0 mL, 40.0 
mmol). After being stirred at room temperature for 2 hours, the mixture was concentrated in vacuo. The residue was 
diluted with saturated NaHCO3 aqueous solution and the mixture was extracted with CHCl3. The organic layer was 
dried over Na2SO4 and concentrated in vacuo. To a solution of the residue in EtOH was added oxalic acid (74 mg, 
0.82 mmol). The mixture was concentrated in vacuo to give the product (186 mg, 60%) as a colorless solid. 1H 
NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.90 (minor rotamer, 3H, s), 
2.96 (major rotamer, 3H, s), 3.93 (minor rotamer, 2H, s), 3.96 (major rotamer, 2H, s), 4.61 (minor rotamer, 2H, s), 
4.64 (major rotamer, 2H, s), 7.27–7.34 (1H, m), 7.44–7.67 (6H, m), 7.71 (major rotamer, 1H, dd J = 1.8, 1.8 Hz), 
7.74 (minor rotamer, 1H, dd J = 1.8, 1.8 Hz); MS (FAB) m/z [M+H]+ 289; Anal. Calcd for C16H17ClN2O∙C2H2O4: 
C, 57.07; H, 5.06; N, 7.40; Cl, 9.36. Found: C, 57.03; H, 5.04; N, 7.37; Cl, 9.40. 
 
N-[(2'-Chlorobiphenyl-3-yl)methyl]-N-methylglycinamide hydrochloride (4d) 
Compound 4d was prepared from 7 and (2-chlorophenyl)boronic acid in 73% yield as a colorless solid, using a 
similar approach to that described for 4a∙HCl. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at 
room temperature. δ 2.91 (minor rotamer, 3H, s), 2.96 (major rotamer, 3H, s), 3.88 (minor rotamer, 2H, s), 3.94 
(major rotamer, 2H, s), 4.63 (2H, s), 7.28–7.53 (7H, m), 7.56–7.60 (1H, m), 8.23 (3H, br s); MS (FAB) m/z [M+H]+ 
289; Anal. Calcd for C16H17ClN2O∙HCl: C, 59.09; H, 5.58; N, 8.61; Cl, 21.80. Found: C, 59.08; H, 5.62; N, 8.67; 
Cl, 21.65. 
 
N-[(4'-Acetamidobiphenyl-3-yl)methyl]-N-methylglycinamide hydrochloride (4e) 
Compound 4e was prepared from 7 and (4-acetamidophenyl)boronic acid in 89% yield as a colorless solid, using a 
similar approach to that described for 4a∙HCl. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at 
room temperature. δ 2.07 (3H, s), 2.91 (minor rotamer, 3H, s), 2.96 (major rotamer, 3H, s), 3.88–4.01 (2H, m), 4.61 
(minor rotamer, 2H, s), 4.63 (major rotamer, 2H, s), 7.18–7.28 (1H, m), 7.39–7.64 (5H, m), 7.66–7.74 (2H, m), 8.22 
(3H, br s), 10.19 (1H, s); MS (ESI) m/z [M+H]+ 312; Anal. Calcd for C18H21N3O2∙1.1HCl∙1.5H2O: C, 57.12; H, 
6.68; N, 11.10; Cl, 10.30. Found: C, 57.17; H, 6.68; N, 11.26; Cl, 10.41. 
 
N-{[4'-(Dimethylamino)biphenyl-3-yl]methyl}-N-methylglycinamide ethanedioate (4f) 
Compound 4f was prepared from 7 and [4-(dimethylamino)phenyl]boronic acid in 75% yield as a colorless solid, 
using a similar approach to that described for 4c. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers 
at room temperature. δ 2.89 (minor rotamer, 3H, s), 2.93 (major rotamer, 3H, s), 2.94 (6H, s), 3.73 (minor rotamer, 
2H, s), 3.79 (major rotamer, 2H, s), 4.57 (minor rotamer, 2H, s), 4.59 (major rotamer, 2H, s), 6.77–6.83 (2H, m), 
7.07–7.15 (1H, m), 7.34–7.58 (5H, m); MS (ESI) m/z [M+H]+ 298; HRMS (ESI) m/z Calcted for C18H24N3O 
[M+H]+: 298.1914, Found: 298.1916. 
 
N-Methyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}glycinamide ethanedioate (4g) 
Compound 4g was prepared from 7 and 4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]morpholine in 
72% yield as a colorless solid, using a similar approach to that described for 4c. 1H NMR (DMSO-d6): this 
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compound exists as a pair of rotamers at room temperature. δ 2.90 (minor rotamer, 3H, s), 2.95 (major rotamer, 3H, 
s), 3.10–3.21 (4H, m), 3.70–3.82 (4H, m), 3.93 (minor rotamer, 2H, s), 3.96 (major rotamer, 2H, s), 4.59 (minor 
rotamer, 2H, s), 4.61 (major rotamer, 2H, s), 6.99–7.06 (2H, m), 7.10–7.24 (1H, m), 7.36–7.60 (5H, m), 7.92 (2H, 
br s); 13C-NMR (126 MHz, DMSO-d6, 100 °C) δ: 33.80, 48.51, 50.88, 51.40, 66.13, 115.36, 125.00, 125.35, 125.73, 
127.30, 128.97, 130.67, 137.48, 140.68, 150.66, 163.51 (ethanedioic acid), 166.76; MS (ESI) m/z [M+H]+ 340; 
Anal. Calcd for C20H25N3O2∙C2H2O4: C, 61.53; H, 6.34; N, 9.78. Found: C, 61.28; H, 6.35; N, 9.75. 
 
N-Methyl-N-{[4'-(4-methylpiperazin-1-yl)biphenyl-3-yl]methyl}glycinamide (2R, 3R)-tartrate (4h) 
Compound 4h was prepared from 7 and 1-methyl-4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]piperazine in 68% yield as a colorless solid, using a similar approach to that described for 4c. 1H NMR 
(DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.25 (3H, s), 2.46–2.52 (4H, m), 
2.90 (minor rotamer, 3H, s), 2.94 (major rotamer, 3H, s), 3.15–3.23 (4H, m), 3.86 (2H, tartaric acid), 3.87 (minor 
rotamer, 2H, s), 3.92 (major rotamer, 2H, s), 4.58 (minor rotamer, 2H, s), 4.61 (major rotamer, 2H, s), 6.99–7.06 
(2H, m), 7.13–7.18 (1H, m), 7.36–7.58 (5H, m); MS (ESI) m/z [M+H]+ 353; Anal. Calcd for 
C21H28N4O∙C4H6O6∙1.7H2O: C, 56.32; H, 7.07; N, 10.51. Found: C, 56.37; H, 7.18; N, 10.47. 
 
Methyl 3'-({[N-(tert-Butoxycarbonyl)glycyl](methyl)amino}methyl)biphenyl-4-carboxylate (8a) 
To a mixture of 7 (2.00 g, 5.60 mmol) in DME (30 mL)/EtOH (5.0 mL)/water (10 mL) were added [4-
(methoxycarbonyl)phenyl]boronic acid (1.51 g, 8.40 mmol), Na2CO3 (1.78 g, 16.8 mmol), and Pd(PPh3)4 (194 mg, 
0.168 mmol). The mixture was stirred at 80 °C overnight. After being cooled to room temperature, the mixture was 
diluted with water and extracted with CHCl3. The organic layer was dried over MgSO4 and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (hexane/EtOAc = 1:0 to 1:2) to give the product 
(1.99 g, 86%) as a yellow solid. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 1.37 (minor rotamer, 9H, s), 1.39 (major rotamer, 9H, s), 2.83 (minor rotamer, 3H, s), 2.94 (major 
rotamer, 3H, s), 3.81–3.95 (5H, m), 4.59 (major rotamer, 2H, s), 4.64 (minor rotamer, 2H, s), 6.83 (major rotamer, 
1H, dd, J = 5.7, 5.7 Hz), 6.92 (minor rotamer, 1H, dd, J = 5.8, 5.8 Hz), 7.25–7.35 (1H, m), 7.47 (major rotamer, 1H, 
dd, J = 7.7, 7.7 Hz), 7.52 (minor rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.57–7.71 (2H, m), 7.83 (major rotamer, 2H, d, 
J = 8.4 Hz), 7.89 (minor rotamer, 2H, d, J =8.4 Hz), 8.04 (2H, d, J = 8.4 Hz); MS (ESI) m/z [M+H]+ 413. 
 
tert-Butyl (2-{[(4'-aminobiphenyl-3-yl)methyl](methyl)amino}-2-oxoethyl)carbamate (8b)  
Compound 8b was prepared from 7 and 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline in 84% yield as a 
pale brown solid, using a similar approach to that described for 8a. 1H NMR (DMSO-d6): this compound exists as 
a pair of rotamers at room temperature. δ 1.38 (minor rotamer, 9H, s), 1.40 (major rotamer, 9H, s), 2.82 (major 
rotamer, 3H, s), 2.91 (minor rotamer, 3H, s), 3.85 (2H, d, J = 5.7 Hz), 4.53 (major rotamer, 2H, s), 4.57 (minor 
rotamer, 2H, s), 5.22  (2H, br s), 6.63 (2H, d, J = 8.4 Hz), 6.80 (major rotamer, 1H, dd, J = 5.7, 5.7 Hz), 6.87 
(minor rotamer, 1H, dd, J = 5.8, 5.8 Hz), 7.05 (1H, d, J = 7.3 Hz), 7.28–7.50 (5H, m); MS (ESI) m/z [M+H]+ 370. 
 
tert-Butyl (2-{[(4'-formylbiphenyl-3-yl)methyl](methyl)amino}-2-oxoethyl)carbamate (8c) 
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Compound 8c was prepared from 7 and (4-formylphenyl)boronic acid in 89% yield as a beige solid, using a similar 
approach to that described for 8a. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 1.38 (minor rotamer, 9H, s), 1.39 (major rotamer, 9H, s), 2.84 (minor rotamer, 3H, s), 2.95 (major 
rotamer, 3H, s), 3.87 (2H, d, J = 5.8 Hz), 4.60 (major rotamer, 2H, s), 4.64 (minor rotamer, 2H, s), 6.83 (major 
rotamer, 1H, dd, J = 5.8, 5.8 Hz), 6.93 (minor rotamer, 1H, dd, J = 5.8, 5.8 Hz), 7.26–7.34 (1H, m), 7.48 (major 
rotamer, 1H, dd, J = 7.6, 7.6 Hz), 7.54 (minor rotamer, 1H, dd, J = 7.6, 7.6 Hz), 7.60–7.73 (2H, m), 7.89–8.03 (4H, 
m), 10.06 (1H, s); MS (FAB) m/z [M+H]+ 383. 
 
3'-({[N-(tert-Butoxycarbonyl)glycyl](methyl)amino}methyl)biphenyl-4-carboxylic acid (9) 
To a solution of 8a (1.96 g, 4.76 mmol) in MeOH (20 mL) was added 1 M NaOH aqueous solution (14.3 mL, 14.3 
mmol). After being stirred at room temperature overnight, 1 M HCl aqueous solution (14.3 mL, 14.3 mmol) was 
added and the mixture was concentrated in vacuo. The residue was diluted with water and the mixture was extracted 
with CHCl3. The organic layer was dried over MgSO4, and concentrated in vacuo to give the product (1.93 g, 
quantitative yield) as a yellow solid. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 1.38 (minor rotamer, 9H, s), 1.40 (major rotamer, 9H, s), 2.83 (minor rotamer, 3H, s), 2.95 (major 
rotamer, 3H, s), 3.87 (2H, d, J = 5.7 Hz), 4.59 (major rotamer, 2H, s), 4.64 (minor rotamer, 2H, s), 6.84 (major 
rotamer, 1H, dd, J = 5.8, 5.8 Hz), 6.93 (minor rotamer, 1H, dd, J = 5.8, 5.8 Hz), 7.24–7.33 (1H, m), 7.46 (major 
rotamer, 1H, dd, J = 7.6, 7.6 Hz), 7.52 (minor rotamer, 1H, dd, J = 7.6, 7.6 Hz), 7.55–7.70 (2H, m), 7.80 (major 
rotamer, 2H, d, J = 8.0 Hz), 7.87 (minor rotamer, 2H, d, J = 8.0 Hz), 8.02 (2H, d, J = 8.1 Hz), 13.0 (1H, br s); MS 
(ESI) m/z [M+H]+ 399. 
 
3'-{[Glycyl(methyl)amino]methyl}biphenyl-4-carboxylic acid hydrochloride (10) 
The mixture of 8a (167 mg, 0.40 mmol) and 6 M HCl aqueous solution (5.00 mL, 30.0 mmol) was stirred at 100 °C 
for 2 hours. After being cooled to room temperature, the mixture was concentrated in vacuo. To the residue were 
added EtOH and water, and the resulting precipitate was filtered to give the product (107 mg, 79%) as a colorless 
solid. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.91 (minor rotamer, 
3H, s), 2.97 (major rotamer, 3H, s), 3.92 (minor rotamer, 2H, s), 3.97 (major rotamer, 2H, s), 4.63 (minor rotamer, 
2H, s), 4.65 (major rotamer, 2H, s), 7.29–7.35 (1H, m), 7.49 (major rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.54 (minor 
rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.56–7.72 (2H, m), 7.76–7.84 (2H, m), 8.01–8.06 (2H, m), 8.12 (3H, br s); MS 
(ESI) m/z [M+H]+ 299; Anal. Calcd for C17H18N2O3∙HCl∙0.3H2O: C, 60.02; H, 5.81; N, 8.23; Cl, 10.42. Found: C, 
59.98; H, 5.75; N, 8.26; Cl, 10.48. 
 
3'-{[Glycyl(methyl)amino]methyl}biphenyl-4-carboxamide hydrochloride (11a) 
Compound 11a was prepared from 9 and ammonium hydroxide in 48% yield as a colorless solid, using a similar 
approach to that described for 3. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 2.91 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.92 (minor rotamer, 2H, s), 3.97 (major 
rotamer, 2H, s), 4.63 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, s), 7.27–7.34 (1H, m), 7.41 (1H, br s), 7.47 
(major rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.53 (minor rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.55–7.71 (2H, m), 7.72–
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7.79 (2H, m), 7.98 (major rotamer, 2H, d, J = 8.5 Hz), 7.99 (minor rotamer, 2H, d, J = 8.4 Hz), 8.06 (1H, br s), 8.17 
(3H, br s); MS (ESI) m/z [M+H]+ 298; Anal. Calcd for C17H19N3O2∙HCl: C, 61.17; H, 6.04; N, 12.59; Cl, 10.62. 
Found: C, 60.97; H, 6.08; N,12.50; Cl, 10.59. 
 
N-Ethyl-3'-{[glycyl(methyl)amino]methyl}biphenyl-4-carboxamide hydrochloride (11b) 
Compound 11b was prepared from 9 and ethylamine in 44% yield as a colorless solid, using a similar approach to 
that described for 3. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.14 
(3H, t, J = 7.2 Hz), 2.91 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.27–3.32 (2H, m), 3.92 (minor rotamer, 
2H, s), 3.97 (major rotamer, 2H, s), 4.63 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, s), 7.27–7.33 (1H, m), 
7.47 (major rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.53 (minor rotamer, 1H, dd, J = 7.7, 7.7 Hz), 7.55–7.70 (2H, m), 
7.72–7.80 (2H, m), 7.95 (major rotamer, 2H, d, J = 8.4 Hz), 7.96 (minor rotamer, 2H, d, J = 8.4 Hz), 8.16 (3H, br 
s), 8.56 (1H, t, J = 5.4 Hz); MS (ESI) m/z [M+H]+ 326; Anal. Calcd for C19H23N3O2∙HCl: C, 63.06; H, 6.68; N, 
11.61; Cl, 9.80. Found: C, 62.96; H, 6.70; N,11.57; Cl, 9.81. 
 
N,N-Diethyl-3'-{[glycyl(methyl)amino]methyl}biphenyl-4-carboxamide ethanedioate (11c) 
To a solution of 9 (210 mg, 0.53 mmol) in DMF (5.0 mL) were added N-ethylethanamine (42 mg, 0.58 mmol), 
WSCD (90 mg, 0.58 mmol), HOBt (78 mg, 0.58 mmol) and Et3N (80 μL, 0.58 mmol) at room temperature. After 
being stirred at the same temperature overnight, the mixture was concentrated in vacuo. The residue was diluted 
with water and the mixture was extracted with EtOAc. The organic layer was dried over MgSO4, and concentrated 
in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc = 1:0 to 3:7) to give 
tert-butyl {2-[{[4'-(diethylcarbamoyl)biphenyl-3-yl]methyl}(methyl)amino]-2-oxoethyl}carbamate. To a solution 
of tert-butyl {2-[{[4'-(diethylcarbamoyl)biphenyl-3-yl]methyl}(methyl)amino]-2-oxoethyl}carbamate in EtOH (10 
mL) was added 4 M HCl/EtOAc (10.0 mL, 40.0 mmol). After being stirred at room temperature for 2 hours, the 
mixture was concentrated in vacuo. The residue was diluted with saturated NaHCO3 aqueous solution, and the 
mixture was extracted with CHCl3. The organic layer was dried over Na2SO4, and concentrated in vacuo. To a 
solution of the residue in EtOH was added oxalic acid (47 mg, 0.53 mmol). The mixture was concentrated in vacuo. 
To the residue were added EtOH and water, and the resulting precipitate was filtered to give the product (90 mg, 
39%) as a colorless solid. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 
1.00–1.24 (6H, br m), 2.91 (minor rotamer, 3H, s), 2.96 (major rotamer, 3H, s), 3.12–3.55 (4H, br m), 3.94 (minor 
rotamer, 2H, s), 3.97 (major rotamer, 2H, s), 4.62 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, s), 7.27–7.33 
(1H, m), 7.40–7.53 (3H, m), 7.53–7.69 (2H, m), 7.69–7.78 (2H, m); MS (FAB) m/z [M+H]+ 354; Anal. Calcd for 
C21H27N3O2∙C2H2O4: C, 62.29; H, 6.59; N, 9.47. Found: C, 62.03; H, 6.55; N, 9.54. 
 
N-Methyl-N-{[4'-(morpholin-4-ylcarbonyl)biphenyl-3-yl]methyl}glycinamide (2R, 3R)-tartrate (11d) 
Compound 11d was prepared from 9 and morpholine in 71% yield as a colorless solid, using a similar approach to 
that described for 11c. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 
2.89 (minor rotamer, 3H, s), 2.93 (major rotamer, 3H, s), 3.31–3.71 (8H, m), 3.68 (minor rotamer, 2H, s), 3.74 
(major rotamer, 2H, s), 3.77 (2H, s, tartaric acid), 4.60 (minor rotamer, 2H, s), 4.63 (major rotamer, 2H, s), 7.23–
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7.32 (1H, m), 7.44–7.68 (5H, m), 7.69–7.76 (2H, m); MS (ESI) m/z [M+H]+ 368; HRMS (ESI) m/z Calcted for 
C21H26N3O [M+H]+: 368.1969, Found: 368.1971. 
 
N-({4'-[(Dimethylcarbamoyl)amino]biphenyl-3-yl}methyl)-N-methylglycinamide ethanedioate (12a) 
To a mixture of 8b (200 mg, 0.54 mmol) in CH2Cl2 (6.0 mL) were added pyridine (66 μL, 0.81 mmol) and 
dimethylcarbamic chloride (55 μL, 0.60 mmol). After being stirred at room temperature for 1 hour, the mixture was 
diluted with water and extracted with CHCl3. The organic layer was dried over MgSO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (CHCl3/MeOH = 98/2) to afford tert-butyl {2-
[({4'-[(dimethylcarbamoyl)amino]biphenyl-3-yl}methyl)(methyl)amino]-2-oxoethyl}carbamate (220 mg, 92%) as 
a colorless oil. To a solution of tert-butyl {2-[({4'-[(dimethylcarbamoyl)amino]biphenyl-3-
yl}methyl)(methyl)amino]-2-oxoethyl}carbamate (210 mg, 0.48 mmol) in MeOH was added 4 M HCl/EtOAc (1.20 
mL, 4.80 mmol). After being stirred at room temperature for 4 hours, the mixture was concentrated in vacuo. The 
residue was diluted with saturated NaHCO3 aqueous solution, and the mixture was extracted with CHCl3. The 
organic layer was dried over MgSO4 and concentrated in vacuo. To a solution of the residue in EtOH was added 
oxalic acid (43 mg, 0.48 mmol). The resulting precipitate was filtered to give the product (125 mg, 61%) as a 
colorless solid. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.90 (minor 
rotamer, 3H, s), 2.94 (major rotamer, 3H, s), 2.94 (6H, s), 3.85 (minor rotamer, 2H, s), 3.89 (major rotamer, 2H, s), 
4.59 (minor rotamer, 2H, s), 4.61 (major rotamer, 2H, s), 7.15–7.22 (1H, m), 7.33–7.48 (2H, m), 7.48–7.61 (5H, m), 
8.43 (1H, br s); MS (ESI) m/z [M+H]+ 341; HRMS (ESI) m/z Calcted for C19H25N4O2 [M+H]+: 341.1972, Found: 
341.1974. 
 
N-(3'-{[Glycyl(methyl)amino]methyl}biphenyl-4-yl)morpholine-4-carboxamide ethanedioate (12b)  
Compound 12b was prepared from 8b and morpholine-4-carbonyl chloride and Et3N instead of pyridine in 57% 
yield as a solid, using a similar approach to that described for 12a. 1H NMR (DMSO-d6): this compound exists as 
a pair of rotamers at room temperature. δ 2.91 (minor rotamer, 3H, s), 2.95 (major rotamer, 3H, s), 3.40–3.49 (4H, 
m), 3.57–3.66 (4H, m), 3.92 (minor rotamer, 2H, s), 3.96 (major rotamer, 2H, s), 4.60 (minor rotamer, 2H, s), 4.62 
(major rotamer, 2H, s), 7.17–7.23 (1H, m), 7.38–7.60 (7H, m), 8.67 (major rotamer, 1H, s), 8.68 (minor rotamer, 
1H, s); MS (ESI) m/z [M+H]+ 383; Anal. Calcd for C21H26N4O3∙C2H2O4∙0.7H2O: C, 56.95; H, 6.11; N, 11.55. Found: 
C, 56.88; H, 6.14; N,11.57. 
 
N-({4'-[(Diethylamino)methyl]biphenyl-3-yl}methyl)-N-methylglycinamide dihydrochloride (13) 
To a solution of 8c (250 mg, 0.65 mmol) in DCE (5.0 mL) were added diethylamine (205 μL, 1.96 mmol) and 
AcOH (187 μL, 3.27 mmol). After being stirred at room temperature for 1 hour, sodium triacetoxyborohydride (416 
mg, 1.96 mmol) was added. After being stirred at room temperature for 1 hour, the mixture was diluted with 
saturated NaHCO3 aqueous solution and extracted with CHCl3. The organic layer was concentrated in vacuo. The 
residue was purified by column chromatography on amino silica gel (hexane/EtOAc = 1:0 to 1:4) to afford tert-
butyl {2-[({4'-[(diethylamino)methyl]biphenyl-3-yl}methyl)(methyl)amino]-2-oxoethyl}carbamate. To a solution 
of tert-butyl {2-[({4'-[(diethylamino)methyl]biphenyl-3-yl}methyl)(methyl)amino]-2-oxoethyl}carbamate in 
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EtOAc was added 4 M HCl/EtOAc (10.0 mL, 40.0 mmol). After being stirred at room temperature for 2 hours, the 
mixture was concentrated in vacuo and the residue was diluted with EtOH/EtOAc. The resulting precipitate was 
filtered to give the product (177 mg, 66%) as a light pink solid. 1H NMR (DMSO-d6): this compound exists as a 
pair of rotamers at room temperature. δ 1.27 (6H, t, J = 7.2 Hz), 2.91 (minor rotamer, 3H, s), 2.97 (major rotamer, 
3H, s), 2.99–3.14 (4H, m), 3.89–4.00 (2H, m), 4.32 (2H, d, J = 5.6 Hz), 4.63 (minor rotamer, 2H, s), 4.64 (major 
rotamer, 2H, s), 7.26–7.33 (1H, m), 7.47 (major rotamer, 1H, dd, J = 7.6, 7.6 Hz), 7.52 (minor rotamer, 1H, dd, J = 
7.6, 7.6 Hz), 7.53 (minor rotamer, 1H, s), 7.58 (major rotamer, 1H, s), 7.62 (major rotamer, 1H, d, J = 7.6 Hz), 7.67 
(minor rotamer, 1H, d, J = 7.6 Hz), 7.71–7.80 (4H, m), 8.11–8.29 (3H, m), 10.92 (1H, br s); MS (FAB) m/z [M+H]+ 
340. Anal. Calcd for C21H29N3O∙2.1HCl∙1.8H2O: C, 56.24; H, 7.80; N, 9.37; Cl, 16.60. Found: C, 56.48; H, 7.95; 
N, 9.13; Cl, 16.87. 
 
N-Methyl-1-[4'-(morpholin-4-yl)biphenyl-3-yl]methanamine (16) 
To a mixture of tert-butyl (3-bromobenzyl)methylcarbamate (14; 2.10 g, 7.00 mmol) in DME (21 mL)/water(11 
mL) were added 4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]morpholine (15; 2.12 g, 7.35 mmol), 
Pd(PPh3)4 (243 mg, 0.21 mmol) and Na2CO3 (2.22 g, 21.0 mmol). The mixture was stirred at 90 °C for 36 hours. 
After being cooled to room temperature, the mixture was concentrated in vacuo. The residue was diluted with water 
and extracted with CHCl3. The organic layer was dried over MgSO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (CHCl3/MeOH = 98/2) to afford tert-butyl methyl{[4'-(morpholin-
4-yl)biphenyl-3-yl]methyl}carbamate (2.20 g, 82%) as a colorless oil. To a solution of tert-butyl methyl{[4'-
(morpholin-4-yl)biphenyl-3-yl]methyl}carbamate (1.82 g, 4.76 mmol) in EtOH (20 mL) was added 4 M HCl/EtOAc 
(10.0 mL, 40.0 mmol). After being stirred at room temperature for 24 hours, the mixture was concentrated in vacuo. 
The residue was diluted with saturated NaHCO3 aqueous solution, and the mixture was extracted with CHCl3. The 
organic layer was dried over Na2SO4 and concentrated in vacuo to afford the product (1.24 g, 92%). 1H NMR 
(CDCl3): δ 2.49 (3H, s), 3.17–3.25 (4H, m), 3.81 (2H, s), 3.86–3.91 (4H, m), 6.95–7.01 (2H, m), 7.25 (1H, d, J = 
7.7 Hz), 7.37 (1H, dd, J = 7.6, 7.6 Hz), 7.44–7.48 (1H, m), 7.51–7.57 (3H, m); MS (ESI) m/z [M+H]+ 283. 
 
N,N2-Dimethyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}glycinamide (2R, 3R)-tartrate (17) 
Compound 17 was prepared from 16 and N-(tert-butoxycarbonyl)-N-methylglycine in 43% yield, using a similar 
approach to that described for 11c. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 2.57 (minor rotamer, 3H, s), 2.59 (major rotamer, 3H, s), 2.88 (minor rotamer, 3H, s), 2.93 (major 
rotamer, 3H, s), 3.10–3.21 (4H, m), 3.72–3.80 (4H, m), 4.11 (minor rotamer, 2H, s), 4.13 (major rotamer, 2H, s), 
4.13 (2H, s, tartaric acid), 4.56 (minor rotamer, 2H, s), 4.61 (major rotamer, 2H, s), 7.00–7.07 (2H, m), 7.14–7.20 
(1H, m), 7.37–7.59 (5H, m); MS (ESI) m/z [M+H]+ 354; HRMS (ESI) m/z Calcted for C21H28N3O2 [M+H]+: 
354.2176, Found: 354.2175. 
 
N,N2,N2-Trimethyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}glycinamide (2R, 3R)-tartrate (18) 
To a solution of 16 (200 mg, 0.71 mmol) in DCE (3.0 mL) were added N,N-dimethylglycine (80 mg, 0.78 mmol), 
WSCD∙HCl (163 mg, 0.85 mmol), and HOBt (115 mg, 0.85 mmol). After being stirred at room temperature for 2 
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hours, the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with CHCl3. The organic 
layer was dried over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica gel (CHCl3/MeOH) to afford N,N2,N2-trimethyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}glycinamide. 
To a solution of N,N2,N2-trimethyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}glycinamide in EtOH (3.0 mL) 
was added (2R, 3R)- tartaric acid (106 mg, 0.71 mmol). After being stirred at room temperature for 2 hours, the 
mixture was concentrated in vacuo to give the product (261 mg, 71%) as a solid: 1H NMR (DMSO-d6): this 
compound exists as a pair of rotamers at room temperature. δ 2.43 (minor rotamer, 6H, s), 2.50 (major rotamer, 6H, 
s), 2.81 (minor rotamer, 3H, s), 2.96 (major rotamer, 3H, s), 3.13–3.19 (4H, m), 3.58 (minor rotamer, 2H, s), 3.69 
(major rotamer, 2H, s), 3.73–3.78 (4H, m), 4.11 (2H, s, tartaric acid), 4.58 (major rotamer, 2H, s), 4.65 (minor 
rotamer, 2H, s), 7.00–7.06 (2H, m), 7.11–7.17 (1H, m), 7.35–7.47 (2H, m), 7.48–7.57 (3H, m); MS (ESI) m/z 
[M+H]+ 368; Anal. Calcd for C22H29N3O2∙C4H6O6∙2H2O: C, 56.41; H, 7.10; N, 7.59. Found: C, 56.65; H, 6.92; N, 
7.25. 
 
N-Methyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}-β-alaninamide (2R, 3R)-tartrate (19) 
Compound 19 was prepared from 16 and N-(tert-butoxycarbonyl)-β-alanine in 69% yield as a solid, using a similar 
approach to that described for 11c. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 2.76 (2H, t, J = 6.4 Hz), 2.89 (minor rotamer, 3H, s), 2.94 (major rotamer, 3H, s), 2.99–3.24 (2H, m), 
3.10–3.20 (4H, m), 3.70–3.79 (4H, m), 3.83 (2H, s, tartaric acid), 4.59 (major rotamer, 2H, s), 4.62 (minor rotamer, 
2H, s), 6.97–7.07 (2H, m), 7.10–7.21 (1H, m), 7.34–7.59 (5H, m); MS (ESI) m/z [M+H]+ 354; Anal. Calcd for 
C21H27N3O2∙C4H6O6∙0.7H2O: C, 58.17; H, 6.72; N, 8.14. Found: C, 58.02; H, 6.60; N, 8.20. 
 
N,2-Dimethyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}alaninamide (2R, 3R)-tartrate (27) 
To a mixture of 6 (500 mg, 2.50 mmol) in CH2Cl2 (5.0 mL) were added N-(tert-butoxycarbonyl)-2-methylalanine 
(533 mg, 2.62 mmol), WSCD∙HCl (527 mg, 2.75 mmol), and HOBt (371 mg, 2.75 mmol). After being stirred at 
room temperature for 3 hours, the mixture was diluted with water and extracted with CHCl3. The organic layer was 
washed with HCl aqueous solution and saturated NaHCO3 aqueous solution, dried over MgSO4, and concentrated 
in vacuo. The residue was purified by column chromatography on silica gel (CHCl3/MeOH = 98:2) to afford tert-
butyl {1-[(3-bromobenzyl)(methyl)amino]-2-methyl-1-oxopropan-2-yl}carbamate (23) (915 mg, 95%) as a 
colorless oil. To a mixture of 23 (286 mg, 0.74 mmol) in DME (2.9 mL)/water (1.4 mL) were added 15 (225 mg, 
0.78 mmol), Na2CO3 (236 mg, 2.23 mmol), and Pd(PPh3)4 (26 mg, 0.022 mmol). The mixture was stirred at 90 °C 
for 36 hours. After being cooled to room temperature, the mixture was concentrated in vacuo. The residue was 
diluted with water and extracted with CHCl3. The organic layer was dried over MgSO4 and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (CHCl3/MeOH = 98:2) to afford tert-butyl [2-
methyl-1-(methyl{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}amino)-1-oxopropan-2-yl]carbamate (290 mg, 84%) 
as a colorless oil. To a solution of tert-butyl [2-methyl-1-(methyl{[4'-(morpholin-4-yl)biphenyl-3-
yl]methyl}amino)-1-oxopropan-2-yl]carbamate (290 mg, 0.62 mmol) in MeOH was added 4 M HCl/EtOAc. After 
being stirred at room temperature for 4 hours, the mixture was concentrated in vacuo. The residue was diluted with 
saturated NaHCO3 aqueous solution, and the mixture was extracted with CHCl3. The organic layer was dried over 
 81 
 
Na2SO4 and concentrated in vacuo. To a solution of the residue in EtOH was added (2R, 3R)-tartaric acid (93 mg, 
0.62 mmol). The resulting precipitate was filtered to give the product (160 mg, 50%) as a colorless solid. 1H NMR 
(DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.55 (minor rotamer, 6H, s), 1.58 
(major rotamer, 6H, s), 2.95–3.21 (7H, m), 3.73–3.78 (4H, m), 3.86 (2H, s, tartaric acid), 4.68 (2H, br s), 6.98 (minor 
rotamer, 2H, d, J = 8.9 Hz), 7.03 (major rotamer, 2H, d, J = 8.9 Hz), 7.12 (major rotamer, 1H, d, J = 7.5 Hz), 7.22 
(minor rotamer, 1H, d, J = 7.5 Hz), 7.31–7.44 (2H, m), 7.46–7.57 (3H, m); MS (ESI) m/z [M+H]+ 368; Anal. Calcd 
for C22H29N3O2∙C4H6O6∙H2O: C, 58.31; H, 6.96; N, 7.85. Found: C, 58.57; H, 6.78; N, 7.83. 
 
N-Isopropyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}glycinamide (2R, 3R)-tartrate (28) 
Compound 28 was prepared from N-(3-bromobenzyl)propan-2-amine (20) and [(tert-butoxycarbonyl)amino]acetic 
acid in 72% yield, using a similar approach to that described for 27. 1H NMR (DMSO-d6): this compound exists as 
a pair of rotamers at room temperature. δ 1.05–1.18 (6H, m), 3.08–3.22 (4H, m), 3.66 (minor rotamer, 2H, s), 3.71–
3.79 (4H, m), 3.85 (2H, s, tartaric acid), 4.03 (major rotamer, 2H, s), 4.48–4.63 (3H, m), 6.97–7.08 (2H, m), 7.11–
7.20 (1H, m), 7.29–7.58 (5H, m); MS (ESI) m/z [M+H]+ 368; Anal. Calcd for C22H29N3O2∙C4H6O6∙0.6H2O: C, 
59.10; H, 6.91; N, 7.95. Found: C, 58.97; H, 6.76; N, 7.95. 
 
N-Methyl-N-{[4'-(morpholin-4-yl)biphenyl-3-yl]methyl}ethane-1,2-diamine (2R, 3R)-tartrate (29) 
To a solution of 1-bromo-3-(bromomethyl)benzene (21; 570 mg, 2.28 mmol) in DMF (6.0 mL) were added tert-
butyl [2-(methylamino)ethyl]carbamate (400 mg, 2.30 mmol) and K2CO3 (630 mg, 4.56 mmol). After being stirred 
at room temperature overnight, the mixture was concentrated in vacuo. The residue was diluted with saturated 
NaHCO3 aqueous solution and extracted with CHCl3. The organic layer was dried over Na2SO4, and concentrated 
in vacuo. The residue was purified by column chromatography on silica gel (CHCl3/MeOH) to afford tert-butyl {2-
[(3-bromobenzyl)(methyl)amino]ethyl}carbamate (25; 782 mg, quantitative yield). To a mixture of 25 (500 mg, 
1.46 mmol) in DME (5.0 mL)/water (2.0 mL) were added 15 (500 mg, 1.73 mmol), Na2CO3 (463 mg, 4.37 mmol), 
and Pd(PPh3)4 (55 mg, 0.048 mmol). The mixture was stirred at 80 °C overnight. After being cooled to room 
temperature, the mixture was concentrated in vacuo. The residue was diluted with saturated NaHCO3 aqueous 
solution and extracted with CHCl3. The organic layer was dried over Na2SO4 and concentrated in vacuo. The residue 
was purified by column chromatography on silica gel (CHCl3/MeOH) to afford tert-butyl [2-(methyl{[4'-
(morpholin-4-yl)biphenyl-3-yl]methyl}amino)ethyl]carbamate. To a solution of tert-butyl [2-(methyl{[4'-
(morpholin-4-yl)biphenyl-3-yl]methyl}amino)ethyl]carbamate in EtOH (6.0 mL) was added 4 M HCl/EtOAc (3.00 
mL, 12.0 mmol). After being stirred at room temperature overnight, the mixture was concentrated in vacuo. The 
residue was diluted with saturated NaHCO3 aqueous solution, and the mixture was extracted with CHCl3. The 
organic layer was dried over Na2SO4 and concentrated in vacuo. To a solution of the residue in EtOH was added 
(2R, 3R)-tartaric acid (104 mg, 0.69 mmol). After being stirred at room temperature for 2 hours, the mixture was 
concentrated in vacuo. To the residue was added EtOAc and the resulting precipitate was filtered to give the product 
(111 mg, 16%). 1H NMR (DMSO-d6): δ 2.16 (3H, s), 2.58 (2H, t, J = 6.2 Hz), 2.95 (2H, t, J = 6.2 Hz), 3.08–3.22 
(4H, m), 3.58 (2H, s), 3.73–3.78 (4H, m), 4.02 (2H, s, tartaric acid), 7.03 (2H, d, J = 8.8 Hz), 7.26 (1H, d, J = 7.6 
Hz), 7.37 (1H, dd, J = 7.6, 7.6 Hz), 7.50 (1H, d, J = 7.8 Hz), 7.52–7.65 (3H, m); MS (ESI) m/z [M+H]+ 326; HRMS 
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(ESI) m/z Calcted for C20H28N3O [M+H]+: 326.2227, Found:326.2230. 
 
tert-Butyl [2-(5-bromo-1,3-dihydro-2H-isoindol-2-yl)-2-oxoethyl]carbamate (26) 
Compound 26 was prepared from 5-bromoisoindoline hydrochloride (22) and [(tert-butoxycarbonyl)amino]acetic 
acid in 48% yield, using a similar approach to that described for 7. 1H NMR (CDCl3): δ 1.47 (9H, s), 4.00 (2H, d, J 
= 4.3 Hz), 4.74 (2H, d, J = 14.5 Hz), 4.79 (2H, d, J = 16.4 Hz), 5.48 (1H, br s), 7.17 (1H, dd, J = 8.1, 13.5 Hz ), 
7.42–7.48 (2H, m); MS (ESI) m/z [M+H]+ 357. 
 
2-Amino-1-{5-[4-(morpholin-4-yl)phenyl]-1,3-dihydro-2H-isoindol-2-yl}ethanone hydrochloride (30) 
Compound 30 was prepared from 26 and 15 in 85% yield as a solid, using a similar approach to that described for 
4a∙HCl. 1H NMR (DMSO-d6): δ 3.21–3.35 (4H, m), 3.78–3.98 (6H, m), 4.75 (2H, d, J = 8.6 Hz), 4.91 (2H, d, J = 
8.1 Hz), 7.25–7.33 (2H, m), 7.43 (1H, dd, J = 8.1, 10.8 Hz), 7.57–7.69 (4H, m), 8.36 (3H, br s); MS (ESI) m/z 
[M+H]+ 338; HRMS (ESI) m/z Calcted for C20H24N3O2 [M+H]+: 338.1863, Found:338.1865. 
 
Methyl 4'-(morpholin-4-yl)biphenyl-3-carboxylate (32) 
To a solution of methyl 3-bromobenzoate (31; 500 mg, 2.33 mmol) in DME (5.0 mL)/water (2.0 mL) were added 
15 (700 mg, 2.42 mmol), Na2CO3 (739 mg, 6.98 mmol), and Pd(PPh3)4 (80 mg, 0.069 mmol). The mixture was 
stirred at 80 °C overnight. After being cooled to room temperature, the mixture was concentrated in vacuo. The 
residue was diluted with saturated NaHCO3 aqueous solution and extracted with CHCl3. The organic layer was dried 
over Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(CHCl3/MeOH) to afford methyl 4'-(morpholin-4-yl)biphenyl-3-carboxylate (531 mg, 77%). To a solution of 
methyl 4'-(morpholin-4-yl)biphenyl-3-carboxylate (531 mg, 1.79 mmol) in EtOH (10 mL) was added 1 M NaOH 
aqueous solution (5.00 mL, 5.00 mmol). The mixture was stirred at 60 °C for 3 hours. After being cooled to room 
temperature, the mixture was neutralized with 1 M HCl aqueous solution. The resulting precipitate was filtered to 
give the product (470 mg, 93%) as a solid. 1H NMR (DMSO-d6): δ 3.12–3.21 (4H, m), 3.72–3.80 (4H, m), 7.05 
(2H, d, J = 7.8 Hz), 7.52–7.63 (3H, m), 7.83–7.89 (2H, m), 8.11–8.15 (1H, m), 13.01 (1H, br s); MS (ESI) m/z 
[M+H]+ 284. 
 
N-(2-Aminoethyl)-N-methyl-4'-(morpholin-4-yl)biphenyl-3-carboxamide (2R, 3R)-tartrate (33) 
Compound 33 was prepared from 32 and tert-butyl [2-(methylamino)ethyl]carbamate in 34% yield, using a similar 
approach to that described for 11c. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room 
temperature. δ 2.96 (3H, br s), 3.03–3.21 (6H, m), 3.63–3.79 (6H, m), 3.87 (2H, s, tartaric acid), 6.97–7.09 (2H, m), 
7.22–7.41 (1H, m), 7.43–7.54 (1H, m), 7.59 (major rotamer, 2H, d, J = 8.8 Hz), 7.64 (minor rotamer, 2H, d, J = 8.8 
Hz), 7.69 (major rotamer, 2H, d, J = 7.3 Hz), 7.78 (minor rotamer, 2H, d, J = 7.4 Hz); MS (ESI) m/z [M+H]+ 340; 
Anal. Calcd for C20H25N3O2∙C4H6O6∙0.6H2O: C, 57.61; H, 6.49; N, 8.40. Found: C, 57.61; H, 6.42; N, 8.37. 
 
Chapter 2 
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tert-Butyl [2-(methyl{3-[6-(morpholin-4-yl)pyridin-3-yl]benzyl}amino)-2-oxoethyl]carbamate (35a) 
To a mixture of tert-butyl {2-[(3-bromobenzyl)(methyl)amino]-2-oxoethyl}carbamate (7; 226 mg, 0.63 mmol) in 
DME (2.3 mL)/water (1.1 mL) were added 4-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-
yl]morpholine (34a; 193 mg, 0.66 mmol), Na2CO3 (201 mg, 1.90 mmol), and Pd(PPh3)4 (22 mg, 0.019 mmol) under 
a nitrogen atmosphere. The mixture was stirred at 90 °C for 24 h. After being cooled to room temperature, the 
mixture was concentrated in vacuo. The residue was diluted with water and extracted with CHCl3. The organic layer 
was dried over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica 
gel (CHCl3/MeOH = 98:2), and washed with iPr2O to give the product (230 mg, 83%) as a colorless solid. 1H NMR 
(CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.44 (minor rotamer, 9H, s), 1.46 (major 
rotamer, 9H, s), 2.92 (major rotamer, 3H, s), 3.02 (minor rotamer, 3H, s), 3.51–3.64 (4H, m), 3.81–3.93 (4H, m), 
4.02 (major rotamer, 2H, d, J = 3.9 Hz), 4.06 (minor rotamer, 2H, d, J = 3.9 Hz), 4.52 (minor rotamer, 2H, s), 4.66 
(major rotamer, 2H, s), 5.57 (1H, br s), 6.72 (1H, d, J = 8.7 Hz), 7.07–7.81 (5H, m), 8.43 (1H, s); MS (ESI) m/z 
[M+H]+ 441. 
 
tert-Butyl [2-(methyl{3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl}amino)-2-oxoethyl]carbamate (35b) 
Compound 35b was prepared from 7 and 4-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-
yl]morpholine (34b) in 94% yield as a colorless oil, using a similar approach to that described for 35a. 1H NMR 
(CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.44 (minor rotamer, 9H, s), 1.46 (major 
rotamer, 9H, s), 2.92 (major rotamer, 3H, s), 3.02 (minor rotamer, 3H, s), 3.71–3.93 (8H, m), 3.97–4.10 (2H, m), 
4.53 (minor rotamer, 2H, s), 4.66 (major rotamer, 2H, s), 5.56 (1H, br s), 7.09–7.74 (4H, m), 8.55 (major rotamer, 
2H, s), 8.56 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 442. 
 
N-Methyl-N-{3-[6-(morpholin-4-yl)pyridin-3-yl]benzyl}glycinamide (2R, 3R)-tartrate (36a) 
To a solution of 35a (220 mg, 0.50 mmol) in MeOH was added 4 M HCl/EtOAc (1.25 mL, 5.00 mmol). After being 
stirred at room temperature for 4 h, the mixture was concentrated in vacuo. The residue was diluted with saturated 
NaHCO3 aqueous solution, and the mixture was extracted with CHCl3. The organic layer was dried over MgSO4 
and concentrated in vacuo. To a solution of the residue in EtOH was added (2R, 3R)-tartaric acid (75 mg, 0.50 
mmol). The resulting precipitate was filtered to give the product (135 mg, 55%) as a colorless solid. 1H NMR 
(DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.90 (minor rotamer, 3H, s), 2.96 
(major rotamer, 3H, s), 3.46–3.54 (4H, m), 3.68–3.76 (4H, m), 3.93 (minor rotamer, 2H, s), 3.98 (major rotamer, 
2H, s), 4.15 (2H, s, tartaric acid), 4.59 (minor rotamer, 2H, s), 4.62 (major rotamer, 2H, s), 6.93 (major rotamer, 1H, 
d, J = 8.9 Hz), 6.94 (minor rotamer, 1H, d, J = 8.9 Hz), 7.16–7.23 (1H, m), 7.37–7.50 (2H, m), 7.51–7.56 (major 
rotamer, 1H, m), 7.56–7.61 (minor rotamer, 1H, m), 7.84–7.92 (1H, m), 8.47 (major rotamer, 1H, d, J = 2.5 Hz), 
8.49 (minor rotamer, 1H, d, J = 2.4 Hz); MS (ESI) m/z [M+H]+ 341; HRMS (ESI) m/z Calcted for C19H25N4O2 
[M+H]+: 341.1972, Found: 341.1975. 
 
N-Methyl-N-{3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl}glycinamide (2R, 3R)-tartrate (36b) 
Compound 36b was prepared from 35b in 75% yield as a colorless solid, using a similar approach to that described 
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for 36a. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.88 (minor rotamer, 
3H, s), 2.93 (major rotamer, 3H, s), 3.64–3.80 (12H, m), 4.56 (minor rotamer, 2H, s), 4.60 (major rotamer, 2H, s), 
7.17–7.24 (1H, m), 7.39–7.50 (2H, m), 7.52–7.57 (major rotamer, 1H, m), 7.57–7.62 (minor rotamer, 1H, m), 8.72 
(major rotamer, 2H, s), 8.74 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 342; HRMS (ESI) m/z Calcted for 
C18H24N5O2 [M+H]+: 342.1925, Found: 342.1927. 
 
tert-Butyl (2-{methyl[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]amino}-2-oxoethyl)carbamate 
(37) 
To a mixture of 7 (31.3 g, 87.7 mmol) in dioxane (319 mL) were added 4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-1,3,2-
dioxaborolane (24.5 g, 96.4 mmol), KOAc (25.8 g, 263 mmol), and PdCl2(PPh3)2 (2.91 g, 4.15 mmol) under an 
argon atmosphere. The mixture was stirred at 80 °C for 18 h. After being cooled to room temperature, the mixture 
was concentrated in vacuo. The residue was diluted with water and extracted with CHCl3. The organic layer was 
dried over Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(hexane/EtOAc = 5:1 to 1:1) to afford a solid. This solid was suspended in iPr2O, and the mixture was stirred at 
room temperature, added hexane, and stirred under ice-cooling. The resulting precipitate was filtered to give the 
product (29.4 g, 83%) as a solid. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room temperature. 
δ 1.35 (major rotamer, 12H, s), 1.35 (minor rotamer, 12H, s), 1.44 (minor rotamer, 9H, s), 1.46 (major rotamer, 9H, 
s), 2.86 (major rotamer, 3H, s), 2.96 (minor rotamer, 3H, s), 4.01 (major rotamer, 2H, d, J = 4.2 Hz), 4.05 (minor 
rotamer, 2H, d, J = 4.2 Hz), 4.46 (minor rotamer, 2H, s), 4.62 (major rotamer, 2H, s), 5.51–5.64 (1H, br m), 7.21–
7.40 (2H, m), 7.59 (minor rotamer, 1H, s), 7.64 (major rotamer, 1H, s), 7.71–7.77 (1H, m); MS (ESI) m/z [M+H]+ 
405. 
 
tert-Butyl {2-[{3-[2-(4-hydroxypiperidin-1-yl)pyrimidin-5-yl]benzyl}(methyl)amino]-2-oxoethyl}carbamate 
(39) 
Compound 39 was prepared from 37 and 1-(5-bromopyrimidin-2-yl)piperidin-4-ol (38) in 94% yield as a pale 
yellow oil, using a similar approach to that described for 35a. 1H NMR (CDCl3): this compound exists as a pair of 
rotamers at room temperature. δ 1.44 (minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 1.41–1.68 (2H, m), 1.91–
2.07 (2H, m), 2.92 (major rotamer, 3H, s), 3.01 (minor rotamer, 3H, s), 3.29–3.48 (2H, m), 3.90–4.10 (3H, m), 4.36–
4.56 (2H, m), 4.52 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, s), 5.57 (1H, br s), 7.04–7.48 (4H, m), 8.53 
(2H, s); MS (ESI) m/z [M+H]+ 456. 
 
N-{3-[2-(4-Hydroxypiperidin-1-yl)pyrimidin-5-yl]benzyl}-N-methylglycinamide (2R, 3R)-tartrate (40) 
Compound 40 was prepared from 39 in 48% yield as a colorless solid, using a similar approach to that described 
for 36a. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.27–1.41 (2H, 
m), 1.73–1.85 (2H, m), 2.90 (minor rotamer, 3H, s), 2.96 (major rotamer, 3H, s), 3.27–3.38 (2H, m), 3.72–3.81 (1H, 
m), 3.93 (minor rotamer, 2H, s), 3.99 (major rotamer, 2H, s), 4.17 (2H, s, tartaric acid), 4.25–4.35 (2H, m), 4.58 
(minor rotamer, 2H, s), 4.62 (major rotamer, 2H, s), 7.18–7.25 (1H, m), 7.39–7.50 (2H, m), 7.52–7.57 (major 
rotamer, 1H, m), 7.57–7.62 (minor rotamer, 1H, m), 8.67 (major rotamer, 2H, s), 8.70 (minor rotamer, 2H, s); MS 
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(FAB) m/z [M+H]+ 356. 
 
tert-Butyl (2-{[(5-bromopyridin-3-yl)methyl](methyl)amino}-2-oxoethyl)carbamate (42a) 
To a solution of 1-(5-bromopyridin-3-yl)-N-methylmethanamine (41a; 1.37 g, 6.81 mmol) in CH2Cl2 (20 mL) were 
added N-(tert-butoxycarbonyl)glycine (1.37 g, 7.83 mmol), WSCD∙HCl (1.72 g, 8.95 mmol), and HOBt (1.20 g, 
8.89 mmol). After being stirred at room temperature overnight, the mixture was diluted with saturated NaHCO3 
aqueous solution and extracted with CHCl3. The organic layer was dried over Na2SO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (hexane/EtOAc = 4:1 to 1:2) to give the product 
(2.02 g, 83%). 1H NMR (CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.36 (minor 
rotamer, 9H, s), 1.39 (major rotamer, 9H, s), 2.79 (minor rotamer, 3H, s), 2.96 (major rotamer, 3H, s), 3.79–3.88 
(2H, m), 4.53 (major rotamer, 2H, s), 4.60 (minor rotamer, 2H, s), 6.76–6.85 (major rotamer, 1H, m), 6.85–6.91 
(minor rotamer, 1H, m), 7.86–7.91 (major rotamer, 1H, m), 7.93–7.97 (minor rotamer, 1H, m), 8.43–8.49 (1H, m), 
8.61 (major rotamer, 1H, d, J = 2.1 Hz), 8.66 (minor rotamer, 1H, d, J = 2.0 Hz); MS (FAB) m/z [M+H]+ 358. 
 
tert-Butyl (2-{[(6-bromopyridin-2-yl)methyl](methyl)amino}-2-oxoethyl)carbamate (42b) 
Compound 42b was prepared from 41b in 54% yield, using a similar approach to that described for 42a. 1H NMR 
(CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.44 (minor rotamer, 9H, s), 1.46 (major 
rotamer, 9H, s), 3.03 (minor rotamer, 3H, s), 3.05 (major rotamer, 3H, s), 3.99–4.07 (2H, m), 4.53 (minor rotamer, 
2H, s), 4.68 (major rotamer, 2H, s), 5.48 (1H, br s), 7.10 (minor rotamer, 1H, d, J = 7.4 Hz), 7.20 (major rotamer, 
1H, d, J = 7.5 Hz), 7.39 (major rotamer, 1H, d, J = 7.7 Hz), 7.43 (minor rotamer, 1H, d, J = 7.8 Hz), 7.51 (major 
rotamer, 1H, dd, J = 7.8, 7.8 Hz), 7.56 (minor rotamer, 1H, dd, J = 7.7, 7.7 Hz); MS (FAB) m/z [M+H]+ 358. 
 
tert-Butyl {2-[methyl({5-[4-(morpholin-4-yl)phenyl]pyridin-3-yl}methyl)amino]-2-oxoethyl}carbamate (43a) 
Compound 43a was prepared from 42a and 4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]morpholine 
(15) in 75% yield, using a similar approach to that described for 35a. 1H NMR (DMSO-d6): this compound exists 
as a pair of rotamers at room temperature. δ 1.37 (minor rotamer, 9H, s), 1.39 (major rotamer, 9H, s), 2.82 (minor 
rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.13–3.20 (4H, m), 3.73–3.79 (4H, m), 3.85 (major rotamer, 2H, d, J 
= 5.9 Hz), 3.89 (minor rotamer, 2H, d, J = 6.0 Hz), 4.58 (major rotamer, 2H, s), 4.64 (minor rotamer, 2H, s), 6.82 
(major rotamer, 1H, t, J = 5.8 Hz), 6.94 (minor rotamer, 1H, t, J = 5.9 Hz), 7.05 (2H, d, J = 8.8 Hz), 7.61 (major 
rotamer, 2H, d, J = 8.7 Hz), 7.68 (minor rotamer, 2H, d, J = 8.7 Hz), 7.80–7.84 (major rotamer, 1H, m), 7.86–7.90 
(minor rotamer, 1H, m), 8.33–8.40 (1H, m), 8.72–8.76 (major rotamer, 1H, m), 8.77–8.81 (minor rotamer, 1H, m); 
MS (ESI) m/z [M+H]+ 441. 
 
tert-Butyl {2-[methyl({6-[4-(morpholin-4-yl)phenyl]pyridin-2-yl}methyl)amino]-2-oxoethyl}carbamate (43b) 
Compound 43b was prepared from 42b and 4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]morpholine 
(15) in 69% yield, using a similar approach to that described for 35a. 1H NMR (DMSO-d6): this compound exists 
as a pair of rotamers at room temperature. δ 1.37 (minor rotamer, 9H, s), 1.39 (major rotamer, 9H, s), 2.88 (minor 
rotamer, 3H, s), 3.07 (major rotamer, 3H, s), 3.16–3.22 (4H, m), 3.72–3.79 (4H, m), 3.90 (major rotamer, 2H, d, J 
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= 5.7 Hz), 3.98 (minor rotamer, 2H, d, J = 5.8 Hz), 4.62 (major rotamer, 2H, s), 4.63 (minor rotamer, 2H, s), 6.73–
6.81 (1H, m), 6.98–7.17 (3H, m), 7.70–7.85 (2H, m), 7.94–8.02 (2H, m); MS (FAB) m/z [M+H]+ 441. 
 
N-Methyl-N-({5-[4-(morpholin-4-yl)phenyl]pyridin-3-yl}methyl)glycinamide (2R, 3R)-tartrate (44a) 
Compound 44a was prepared from 43a in 75% yield as a colorless solid, using a similar approach to that described 
for 36a. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.89 (minor rotamer, 
3H, s), 2.99 (major rotamer, 3H, s), 3.13–3.22 (4H, m), 3.72–3.79 (4H, m), 3.83 (2H, s, tartaric acid), 3.91 (major 
rotamer, 2H, s), 3.92 (minor rotamer, 2H, s), 4.62 (minor rotamer, 2H, s), 4.64 (major rotamer, 2H, s), 7.01–7.11 
(2H, m), 7.56–7.67 (2H, m), 7.82–7.88 (1H, m), 8.41 (1H, d, J = 1.7 Hz), 8.75 (major rotamer, 1H, d, J = 2.1 Hz), 
8.81 (minor rotamer, 1H, d, J = 2.1 Hz); MS (ESI) m/z [M+H]+ 341; Anal. Calcd for C19H24N4O2∙C4H6O6∙0.3H2O: 
C, 55.70; H, 6.22; N, 11.30. Found: C, 55.67; H, 6.26; N, 11.21. 
 
N-Methyl-N-({6-[4-(morpholin-4-yl)phenyl]pyridin-2-yl}methyl)glycinamide dihydrochloride (44b) 
To a solution of 43b (225 mg, 0.51 mmol) in MeOH (6.0 mL) was added 4 M HCl/EtOAc (2.00 mL, 8.00 mmol). 
After being stirred at room temperature overnight, the mixture was concentrated in vacuo. To the residue were added 
EtOH and EtOAc, and the resulting precipitate was filtered to give the product (199 mg, 94%) as a yellow solid. 1H 
NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.95 (minor rotamer, 3H, s), 
3.12 (major rotamer, 3H, s), 3.21–3.32 (4H, m), 3.75–3.83 (4H, m), 3.96–4.06 (2H, m), 4.70 (minor rotamer, 2H, 
s), 4.82 (major rotamer, 2H, s), 7.09–7.20 (2H, m), 7.23–7.34 (1H, m), 7.84–8.09 (4H, m), 8.26 (3H, br s); MS (ESI) 
m/z [M+H]+ 341; HRMS (ESI) m/z Calcted for C19H25N4O2 [M+H]+: 341.1972, Found: 341.1975. 
 
tert-Butyl (2-{[3-(2-chloropyrimidin-5-yl)benzyl](methyl)amino}-2-oxoethyl)carbamate (45) 
Compound 45 was prepared from 37 and 5-bromo-2-chloropyrimidine in 79% yield as a colorless solid, using a 
similar approach to that described for 35a. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room 
temperature. δ 1.44 (minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 2.95 (major rotamer, 3H, s), 3.02 (minor 
rotamer, 3H, s), 3.97–4.08 (2H, m), 4.57 (minor rotamer, 2H, s), 4.68 (major rotamer, 2H, s), 5.52 (1H, br s), 7.27–
7.61 (4H, m), 8.81 (major rotamer, 2H, s), 8.82 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 391. 
 
tert-Butyl {2-[(3-{2-[(2R)-2-(hydroxymethyl)pyrrolidin-1-yl]pyrimidin-5-yl}benzyl)(methyl)amino]-2-
oxoethyl}carbamate (46a)  
To a mixture of 45 (250 mg, 0.64 mmol) in DMF (5.1 mL) were added (2R)-pyrrolidin-2-ylmethanol (0.093 mL, 
0.96 mmol) and K2CO3 (265 mg, 1.92 mmol). After being stirred at room temperature overnight, the mixture was 
diluted with water and extracted with EtOAc. The organic layer was dried over MgSO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (CHCl3/MeOH = 100:0 to 95:5) to give the 
product (220 mg, 76%). 1H NMR (CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.44 
(minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 1.70–1.81 (1H, m), 1.88–2.08 (2H, m), 2.12–2.23 (1H, m), 2.92 
(major rotamer, 3H, s), 3.01 (minor rotamer, 3H, s), 3.58–3.87 (4H, m), 4.02 (major rotamer, 2H, d, J = 4.3 Hz), 
4.05 (minor rotamer, 2H, d, J = 4.2 Hz), 4.26–4.34 (1H, m), 4.53 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, 
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s), 5.47–5.63 (1H, br m), 5.86 (1H, br s), 7.10–7.48 (4H, m), 8.52 (2H, s); MS (ESI) m/z [M+H]+ 456. 
 
tert-Butyl {2-[(3-{2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]pyrimidin-5-yl}benzyl)(methyl)amino]-2-
oxoethyl}carbamate (46b)  
Compound 46b was prepared from 45 and (2S)-pyrrolidin-2-ylmethanol in 94% yield, using a similar approach to 
that described for 46a. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.44 
(minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 1.71–1.81 (1H, m), 1.88–2.08 (2H, m), 2.13–2.23 (1H, m), 2.92 
(major rotamer, 3H, s), 3.01 (minor rotamer, 3H, s), 3.59–3.86 (4H, m), 4.02 (major rotamer, 2H, d, J = 4.3 Hz), 
4.05 (minor rotamer, 2H, d, J = 4.3 Hz), 4.26–4.35 (1H, m), 4.52 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, 
s), 5.48–5.61 (1H, br m), 5.85 (1H, br s), 7.10–7.48 (4H, m), 8.52 (2H, s); MS (ESI) m/z [M+H]+ 456. 
 
tert-Butyl [2-(methyl{3-[2-(piperidin-1-yl)pyrimidin-5-yl]benzyl}amino)-2-oxoethyl]carbamate (46c)  
Compound 46c was prepared from 45 and piperidine in 89% yield, using a similar approach to that described for 
46a. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room temperature. δ 1.44 (minor rotamer, 9H, 
s), 1.47 (major rotamer, 9H, s), 1.57–1.75 (6H, m), 2.92 (major rotamer, 3H, s), 3.01 (minor rotamer, 3H, s), 3.79–
3.89 (4H, m), 4.02 (major rotamer, 2H, d, J = 4.3 Hz), 4.05 (minor rotamer, 2H, d, J = 4.3 Hz), 4.52 (minor rotamer, 
2H, s), 4.65 (major rotamer, 2H, s), 5.49–5.64 (1H, br m), 7.07–7.48 (4H, m), 8.51 (minor rotamer, 2H, s), 8.51 
(major rotamer, 2H, s); MS (ESI) m/z [M+H]+ 440. 
 
tert-Butyl {2-[(3-{2-[4-(2-hydroxyethyl)piperidin-1-yl]pyrimidin-5-yl}benzyl)(methyl)amino]-2-
oxoethyl}carbamate (46d)  
Compound 46d was prepared from 45 and 2-(piperidin-4-yl)ethanol in 92% yield as a pale yellow oil, using a similar 
approach to that described for 46a. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room 
temperature. δ 1.20–1.28 (2H, m), 1.44 (minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 1.52–1.62 (3H, m), 
1.77–1.88 (2H, m), 2.87–2.99 (2H, m), 2.92 (major rotamer, 3H, s), 3.01 (minor rotamer, 3H, s), 3.71–3.80 (2H, m), 
4.02 (major rotamer, 2H, d, J = 4.3 Hz), 4.05 (minor rotamer, 2H, d, J = 4.3 Hz), 4.52 (minor rotamer, 2H, s), 4.65 
(major rotamer, 2H, s), 4.75–4.85 (2H, m), 5.50–5.61 (1H, br m), 7.07–7.47 (4H, m), 8.51 (minor rotamer, 2H, s), 
8.51 (major rotamer, 2H, s); MS (ESI) m/z [M+H]+ 484. 
 
Ethyl 1-{5-[3-({[N-(tert-butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperidine-4-
carboxylate (46e)  
To a mixture of 45 (400 mg, 1.02 mmol) in DMF (8.0 mL) were added ethyl piperidine-4-carboxylate (0.19 mL, 
1.23 mmol) and K2CO3 (424 mg, 3.07 mmol). After being stirred at 60 °C overnight, the mixture was diluted with 
water and extracted with EtOAc. The organic layer was dried over MgSO4, and concentrated in vacuo. The residue 
was purified by column chromatography on silica gel to give the product (492 mg, 94%). 1H NMR (CDCl3): this 
compound exists as a pair of rotamers at room temperature. δ 1.27 (3H, t, J = 7.1 Hz), 1.44 (minor rotamer, 9H, s), 
1.46 (major rotamer, 9H, s), 1.68–1.81 (2H, m), 1.96–2.06 (2H, m), 2.55–2.64 (1H, m), 2.92 (major rotamer, 3H, 
s), 3.01 (minor rotamer, 3H, s), 3.06–3.17 (2H, m), 4.02 (major rotamer, 2H, d, J = 4.2 Hz) , 4.05 (minor rotamer, 
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2H, d, J = 4.1 Hz), 4.16 (2H, q, J = 7.1 Hz), 4.52 (minor rotamer, 2H, s), 4.65 (major rotamer, 2H, s), 4.66–4.74 
(2H, m), 5.50–5.60 (1H, br m), 7.09–7.47 (4H, m), 8.52 (2H, s); MS (ESI) m/z [M+H]+ 512. 
 
Methyl 3-(1-{5-[3-({[N-(tert-butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperidin-
4-yl)propanoate (46f)  
Compound 46f was prepared from 45 and methyl 3-(piperidin-4-yl)propanoate hydrochloride in 80% yield, using a 
similar approach to that described for 46e. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room 
temperature. δ 1.12–1.27 (2H, m), 1.44 (minor rotamer, 9H, s), 1.46 (major rotamer, 9H, s), 1.49–1.67 (3H, m), 
1.75–1.84 (2H, br m), 2.34–2.42 (2H, m), 2.86–2.95 (2H, m), 2.92 (major rotamer, 3H, s), 3.01 (minor rotamer, 3H, 
s), 3.69 (3H, s), 4.02 (major rotamer, 2H, d, J = 4.3 Hz) , 4.05 (minor rotamer, 2H, d, J = 4.2 Hz), 4.52 (minor 
rotamer, 2H, s), 4.65 (major rotamer, 2H, s), 4.76–4.84 (2H, m), 5.49–5.60 (1H, br m), 7.08–7.46 (4H, m), 8.51 (2H, 
s); MS (ESI) m/z [M+H]+ 526. 
 
Ethyl 4-(4-{5-[3-({[N-(tert-butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperazin-
1-yl)benzoate (46g)  
Compound 46g was prepared from 45 and ethyl 4-(piperazin-1-yl)benzoate in quantitative yield, using a similar 
approach to that described for 46e. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room temperature. 
δ 1.38 (3H, t, J = 7.1 Hz), 1.44 (minor rotamer, 9H, s), 1.47 (major rotamer, 9H, s), 2.93 (major rotamer, 3H, s), 
3.02 (minor rotamer, 3H, s), 3.40–3.50 (4H, m), 3.97–4.10 (6H, m), 4.34 (2H, q, J = 7.1 Hz), 4.53 (minor rotamer, 
2H, s), 4.66 (major rotamer, 2H, s), 5.49–5.62 (1H, br m), 6.88–6.96 (2H, m), 7.10–7.49 (4H, m), 7.92–8.00 (2H, 
m), 8.56 (2H, s); MS (ESI) m/z [M+H]+ 589. 
 
Ethyl 4-(4-{5-[3-({[N-(tert-butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperazin-
1-yl)-3-chlorobenzoate (46h) 
To a mixture of 45 (42.0 g, 107 mmol) in DMF (420 mL) were added ethyl 3-chloro-4-(piperazin-1-yl)benzoate 
(31.8 g, 118 mmol) and K2CO3 (29.7 g, 215 mmol). The mixture was stirred at 60 °C for 18 h, then cooled in ice, 
and diluted with water. The resulting precipitate was filtered and washed with water. The solid was purified by 
column chromatography on silica gel (CHCl3/MeOH = 100:0 to 95:5), triturated with iPr2O, and filtered to give the 
product (47.0 g, 70%) as a colorless solid. 1H NMR (CDCl3): this compound exists as a pair of rotamers at room 
temperature. δ 1.39 (3H, t, J = 7.1 Hz), 1.44 (minor rotamer, 9H, s), 1.47 (major rotamer, 9H, s), 2.93 (major rotamer, 
3H, s), 3.02 (minor rotamer, 3H, s), 3.18–3.26 (4H, m), 3.98–4.11 (6H, m), 4.36 (2H, q, J = 7.1 Hz), 4.53 (minor 
rotamer, 2H, s), 4.66 (major rotamer, 2H, s), 5.48–5.60 (1H, br m), 7.05 (1H, d, J = 8.4 Hz), 7.10–7.48 (4H, m), 
7.91 (1H, dd, J = 8.5, 2.0 Hz), 8.07 (1H, d, J = 2.0 Hz), 8.56 (2H, s); MS (ESI) m/z [M+H]+ 623. 
 
N-(3-{2-[(2R)-2-(Hydroxymethyl)pyrrolidin-1-yl]pyrimidin-5-yl}benzyl)-N-methylglycinamide 
dihydrochloride (47a)  
Compound 47a was prepared from 46a in 54% yield as a pale yellow solid, using a similar approach to that described 
for 44b. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.86–2.11 (4H, 
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m), 2.90 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.39 (1H, dd, J = 10.2, 7.4 Hz), 3.46–3.54 (1H, m), 
3.55–3.62 (1H, m), 3.65 (1H, dd, J = 10.4, 3.7 Hz), 3.91 (minor rotamer, 2H, q, J = 5.6 Hz), 3.98 (major rotamer, 
2H, q, J = 5.7 Hz), 4.13–4.21 (1H, m), 4.59 (minor rotamer, 2H, s), 4.62 (major rotamer, 2H, s), 7.20–7.25 (1H, m), 
7.39–7.51 (2H, m), 7.53–7.58 (major rotamer, 1H, m), 7.58–7.63 (minor rotamer, 1H, m), 8.11–8.27 (3H, br m), 
8.71 (major rotamer, 2H, s), 8.73 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 356; Anal. Calcd for 
C19H25N5O2∙1.9HCl∙2.3H2O: C, 48.96; H, 6.81; N, 15.02; Cl, 14.45. Found: C, 49.26; H, 6.92; N, 14.67; Cl, 14.13. 
 
N-(3-{2-[(2S)-2-(Hydroxymethyl)pyrrolidin-1-yl]pyrimidin-5-yl}benzyl)-N-methylglycinamide 
dihydrochloride (47b)  
Compound 47b was prepared from 46b in 63% yield as a yellow solid, using a similar approach to that described 
for 44b. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.87–2.11 (4H, 
m), 2.90 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.39 (1H, dd, J = 10.4, 7.6 Hz), 3.46–3.53 (1H, m), 
3.55–3.62 (1H, m), 3.65 (1H, dd, J = 10.4, 3.7 Hz), 3.91 (minor rotamer, 2H, q, J = 5.6 Hz), 3.98 (major rotamer, 
2H, q, J = 5.7 Hz), 4.14–4.20 (1H, m), 4.59 (minor rotamer, 2H, s), 4.62 (major rotamer, 2H, s), 7.21–7.25 (1H, m), 
7.40–7.51 (2H, m), 7.54–7.58 (major rotamer, 1H, m), 7.59–7.62 (minor rotamer, 1H, m), 8.11–8.24 (3H, br m), 
8.71 (major rotamer, 2H, s), 8.73 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 356; Anal. Calcd for 
C19H25N5O2∙1.9HCl∙2.7H2O: C, 48.21; H, 6.88; N, 14.80; Cl, 14.23. Found: C, 48.55; H, 7.02; N, 14.57; Cl, 13.95. 
 
N-Methyl-N-{3-[2-(piperidin-1-yl)pyrimidin-5-yl]benzyl}glycinamide dihydrochloride (47c)  
Compound 47c was prepared from 46c in 59% yield as a yellow solid, using a similar approach to that described 
for 44b. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.50–1.57 (4H, 
m), 1.62–1.69 (2H, m), 2.90 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.76–3.83 (4H, m), 3.91 (minor 
rotamer, 2H, q, J = 5.6 Hz), 3.98 (major rotamer, 2H, q, J = 5.7 Hz), 4.59 (minor rotamer, 2H, s), 4.62 (major 
rotamer, 2H, s), 7.19–7.23 (1H, m), 7.39–7.50 (2H, m), 7.52–7.56 (major rotamer, 1H, m), 7.58–7.61 (minor rotamer, 
1H, m), 8.10–8.24 (3H, br m), 8.68 (major rotamer, 2H, s), 8.70 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 340; 
HRMS (ESI) m/z Calcted for C19H26N5O [M+H]+: 340.2132, Found: 340.2131. 
 
N-(3-{2-[4-(2-Hydroxyethyl)piperidin-1-yl]pyrimidin-5-yl}benzyl)-N-methylglycinamide (2R, 3R)-tartrate 
(47d) 
Compound 47d was prepared from 46d in 23% yield as a colorless solid, using a similar approach to that described 
for 36a. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 1.00–1.14 (2H, 
m), 1.38 (2H, dt, J = 6.5, 6.5 Hz), 1.63–1.80 (3H, m), 2.87 (minor rotamer, 3H, s), 2.92 (major rotamer, 3H, s), 
2.84–2.96 (2H, m), 3.47 (2H, t, J = 6.6 Hz), 3.59 (minor rotamer, 2H, s), 3.66 (major rotamer, 2H, s), 3.74 (2H, s, 
tartaric acid), 4.55 (minor rotamer, 2H, s), 4.59 (major rotamer, 2H, s), 4.64–4.73 (2H, m), 7.14–7.21 (1H, m), 7.37–
7.48 (2H, m), 7.49–7.54 (major rotamer, 1H, m), 7.54–7.59 (minor rotamer, 1H, m), 8.66 (major rotamer, 2H, s), 
8.68 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 384; HRMS (ESI) m/z Calcted for C21H30N5O2 [M+H]+: 
384.2394, Found: 384.2396. 
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1-[5-(3-{[Glycyl(methyl)amino]methyl}phenyl)pyrimidin-2-yl]piperidine-4-carboxylic acid dihydrochloride 
(47e)  
To a mixture of 46e (300 mg, 0.59 mmol) in MeOH (3.0 mL) was added 1 M NaOH aqueous solution (3.00 mL, 
3.00 mmol). After being stirred at room temperature for 6 h, the mixture was neutralized with 1 M HCl aqueous 
solution and concentrated in vacuo. The residue was diluted with water and extracted with CHCl3. The organic layer 
was dried over MgSO4, and concentrated in vacuo to give 1-{5-[3-({[N-(tert-
butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperidine-4-carboxylic acid. To a solution 
of 1-{5-[3-({[N-(tert-butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperidine-4-
carboxylic acid in dioxane (5.0 mL) was added was added 4 M HCl/dioxane (1.5 mL, 6.0 mol). After being stirred 
at room temperature overnight, the mixture was concentrated in vacuo. The residue was purified by column 
chromatography on ODS silica gel (0.01 M HCl aqueous solution/MeCN = 9:1) to give the product (65 mg, 24%) 
as a pale yellow solid. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 
1.42–1.57 (2H, m), 1.84–1.96 (2H, m), 2.53–2.64 (1H, m), 2.89 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, 
s), 3.06–3.19 (2H, m), 3.91 (minor rotamer, 2H, q, J = 5.5 Hz), 3.98 (major rotamer, 2H, q, J = 5.5 Hz), 4.50–4.65 
(4H, m), 7.20–7.25 (1H, m), 7.38–7.51 (2H, m), 7.53–7.58 (major rotamer, 1H, m), 7.58–7.63 (minor rotamer, 1H, 
m), 8.11–8.29 (3H, br m), 8.70 (major rotamer, 2H, s), 8.73 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 384; 
HRMS (ESI) m/z Calcted for C20H26N5O3 [M+H]+: 384.2030, Found: 384.2031. 
 
3-{1-[5-(3-{[Glycyl(methyl)amino]methyl}phenyl)pyrimidin-2-yl]piperidin-4-yl}propanoic acid 
dihydrochloride (47f)  
Compound 47f was prepared from 46f in 93% yield as a pale yellow solid, using a similar approach to that described 
for 47e. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 0.99–1.13 (2H, 
m), 1.48 (2H, dt, J = 7.2, 7.2 Hz), 1.51–1.62 (1H, m), 1.68–1.79 (2H, m), 2.27 (2H, d, J = 7.5 Hz), 2.85–2.95 (2H, 
m), 2.89 (minor rotamer, 3H, s), 2.97 (major rotamer, 3H, s), 3.91 (minor rotamer, 2H, q, J = 5.6 Hz), 3.98 (major 
rotamer, 2H, q, J = 5.5 Hz), 4.59 (minor rotamer, 2H, s), 4.62 (major rotamer, 2H, s), 4.64–4.75 (2H, m), 7.19–7.25 
(1H, m), 7.38–7.50 (2H, m), 7.52–7.57 (major rotamer, 1H, m), 7.57–7.62 (minor rotamer, 1H, m), 8.08–8.25 (3H, 
br m), 8.68 (major rotamer, 2H, s), 8.70 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 412; HRMS (ESI) m/z 
Calcted for C22H30N5O3 [M+H]+: 412.2343, Found: 412.2344. 
 
4-{4-[5-(3-{[Glycyl(methyl)amino]methyl}phenyl)pyrimidin-2-yl]piperazin-1-yl}benzoic acid 
dihydrochloride (47g)  
Compound 47g was prepared from 46g in 62% yield as a colorless solid, using a similar approach to that described 
for 47e. 1H NMR (DMSO-d6): this compound exists as a pair of rotamers at room temperature. δ 2.90 (minor rotamer, 
3H, s), 2.97 (major rotamer, 3H, s), 3.42–3.49 (4H, m), 3.87–4.01 (6H, m), 4.60 (minor rotamer, 2H, s), 4.63 (major 
rotamer, 2H, s), 7.03 (2H, d, J = 9.1 Hz), 7.24 (1H, d, J = 7.6 Hz), 7.40–7.52 (2H, m), 7.55–7.60 (major rotamer, 
1H, m), 7.60–7.65 (minor rotamer, 1H, m), 7.81 (2H, d, J = 9.0 Hz), 8.13–8.27 (3H, br m), 8.75 (major rotamer, 2H, 
s), 8.77 (minor rotamer, 2H, s); MS (ESI) m/z [M+H]+ 461; HRMS (ESI) m/z Calcted for C25H29N6O3 [M+H]+: 
461.2296, Found: 461.2296. 
 91 
 
 
3-Chloro-4-{4-[5-(3-{[glycyl(methyl)amino]methyl}phenyl)pyrimidin-2-yl]piperazin-1-yl}benzoic acid 
dihydrochloride (47h)  
To a solution of 46h (50.6 g, 81.2 mmol) in EtOH (506 mL)/THF (506 mL) was added 1 M NaOH aqueous solution 
(162 mL, 162 mmol). After being stirred at room temperature overnight, the mixture was concentrated in vacuo. 
The residue was dissolved in H2O (300 mL) and neutralized with 1 M HCl aqueous solution. The mixture was 
extracted with CHCl3/MeOH (95:5). The organic layer was dried over MgSO4, and concentrated in vacuo. The 
residue was purified by column chromatography on silica gel (CHCl3/MeOH = 95:5 to 85:15) to give a solid. This 
solid was suspended in EtOH (500 mL) and the mixture was refluxed for 1 h. After being cooled to room temperature, 
the resulting precipitate was filtered to give 4-(4-{5-[3-({[N-(tert-
butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperazin-1-yl)-3-chlorobenzoic acid (45.0 
g, 93%) as a colorless solid. To a mixture of 4-(4-{5-[3-({[N-(tert-
butoxycarbonyl)glycyl](methyl)amino}methyl)phenyl]pyrimidin-2-yl}piperazin-1-yl)-3-chlorobenzoic acid (43.0 
g, 72.3 mmol) in dioxane (430 mL) was added was added 4 M HCl/dioxane (253 mL, 1.01 mol). After being stirred 
at room temperature overnight, the resulting precipitate was filtered to give a solid. The mixture of this solid in 
THF/H2O (97:3, 500 mL) was stirred at 60 °C, and then at room temperature overnight. The resulting precipitate 
was filtered and washed with THF to give the product (40.2 g, 98%) as a pale yellow solid. 1H NMR (DMSO-d6): 
this compound exists as a pair of rotamers at room temperature. δ 2.90 (minor rotamer, 3H, s), 2.98 (major rotamer, 
3H, s), 3.11–3.25 (4H, m), 3.86–4.06 (6H, m), 4.61 (minor rotamer, 2H, s), 4.63 (major rotamer, 2H, s), 7.20–7.31 
(2H, m), 7.40–7.53 (2H, m), 7.54–7.60 (major rotamer, 1H, m), 7.60–7.66 (minor rotamer, 1H, m), 7.86 (1H, dd, J 
= 8.3, 1.8 Hz), 7.91 (1H, d, J = 1.8 Hz), 8.16–8.34 (3H, br m), 8.76 (major rotamer, 2H, s), 8.78 (minor rotamer, 
2H, s); 13C-NMR (126 MHz, DMSO-d6, 120 °C) δ: 32.09, 34.01, 44.03, 50.44, 51.67, 120.650, 122.47, 124.76, 
125.89, 126.30, 126.97, 127.18, 128.52, 129.26, 131.46, 132.86, 135.54, 152.60, 155.81, 161.02, 165.89, 166.30; 
MS (ESI) m/z [M+H]+ 495; Anal. Calcd for C25H27ClN6O3∙1.9HCl∙3.6H2O: C, 47.73; H, 5.78; N, 13.36; Cl, 16.34. 
Found: C, 47.59; H, 5.67; N, 13.31; Cl, 16.20. 
 
Chapter 3 
 
2-(Morpholin-4-yl)pyrimidine-5-carbaldehyde (49) 
To a solution of 4-(5-bromopyrimidin-2-yl)morpholine (48; 6.00 g, 24.6 mmol) in THF (100 mL) was added n-
BuLi (1.59 M, 19.0 mL, 30.2 mmol) at -78 °C under an argon atmosphere. After being stirred at -78 °C for 10 min, 
DMF (2.85 mL, 36.9 mmol) was added, and the mixture was warm to 0 °C over 1 h. After being stirred at 0 °C for 
1 h, the mixture was diluted with H2O, and extracted with EtOAc. The organic layer was dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc) to give 
the product (2.86 g, 60%). 1H NMR (CDCl3): δ 3.75–3.82 (4H, m), 3.95–4.02 (4H, m), 8.73 (2H, s), 9.79 (1H, s); 
MS (ESI) m/z [M+H]+ 194. 
 
3-{2-[2-(Morpholin-4-yl)pyrimidin-5-yl]ethyl}aniline (50a) 
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To a solution of (3-nitrobenzyl)(triphenyl)phosphonium bromide (890 mg, 1.86 mmol) in THF (8.0 mL) was added 
t-BuOK (190 mg, 1.69 mmol) at 0 °C. After being stirred at 0 °C for 30 min, a solution of 49 (300 mg, 1.55 mmol) 
in THF (4.0 mL) was added, and the mixture was stirred at 0 °C for 30 min, then at room temperature overnight. 
The mixture was diluted with H2O and extracted with EtOAc. The organic layer was dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCl3/MeOH) to give 
4-{5-[2-(3-nitrophenyl)vinyl]pyrimidin-2-yl}morpholine (399 mg, 82%). To a solution of 4-{5-[2-(3-
nitrophenyl)vinyl]pyrimidin-2-yl}morpholine (399 mg, 1.28 mmol) in EtOH (4.0 mL)/THF (4.0 mL) was added 
10% Pd/C (53.2 mg). After being stirred under a hydrogen atmosphere overnight, the mixture was filtered through 
a Celite pad, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography on 
silica gel (hexane/EtOAc) to give the product (307mg, 84%). 1H NMR (CDCl3): δ 2.69–2.79 (4H, m), 3.61 (2H, br 
s), 3.72–3.79 (8H, m), 6.48–6.59 (3H, m), 7.07 (1H, dd, J = 7.7, 7.7 Hz), 8.12 (2H, s); MS (ESI) m/z [M+H]+ 285. 
 
4-{2-[2-(Morpholin-4-yl)pyrimidin-5-yl]ethyl}aniline (50b) 
Compound 50b was prepared from 49 and (4-nitrobenzyl)(triphenyl)phosphonium bromide in 39% yield, using a 
similar approach to that described for 50a. 1H NMR (CDCl3): δ 2.64–2.80 (4H, m), 3.67–3.89 (10H, m), 6.59–6.65 
(2H, m), 6.90–6.95 (2H, m), 8.09 (2H, s); MS (ESI) m/z [M+H]+ 285. 
 
N-(3-{2-[2-(Morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)guanidine dihydrochloride (52a) 
To a solution of 50a (174 mg, 0.61 mmol) in THF (4.0 mL) were added DIPEA (0.32 mL, 1.84 mmol) and N,N´-
bis(tert-butoxycarbonyl)-1H-pyrazole-1-carboximidamide (51: 380 mg, 1.22 mmol). After being stirred at room 
temperature for 3 days, the mixture was concentrated in vacuo. The residue was purified by column chromatography 
on silica gel (hexane/EtOAc) to give N´,N´´-bis(tert-butoxycarbonyl)-N-(3-{2-[2-(morpholin-4-yl)pyrimidin-5-
yl]ethyl}phenyl)guanidine (208 mg, 65%). To a mixture of N´,N´´-bis(tert-butoxycarbonyl)-N-(3-{2-[2-
(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)guanidine (205 mg, 0.39 mmol) in MeOH (2.0 mL) was added 4 M 
HCl/EtOAc (4.00 mL, 16.0 mmol). After being stirred at room temperature overnight, the mixture was concentrated 
in vacuo. The residue was washed with EtOAc to give the product (55.0 mg, 35%) as a yellow solid. 1H NMR 
(DMSO-d6): 2.71–2.79 (2H, m), 2.80–2.90 (2H, m), 3.62–3.67 (8H, m), 7.03–7.09 (1H, m), 7.09–7.17 (2H, m), 7.35 
(1H, dd, J = 7.7, 7.7 Hz), 7.47 (4H, br s), 8.28 (2H, s), 9.93 (1H, s); MS (ESI) m/z [M+H]+ 327; HRMS (ESI) m/z 
Calcd for C17H23N6O [M+H]+: 327.1928, Found: 327.1925. 
 
N-(4-{2-[2-(Morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)guanidine dihydrochloride (52b) 
Compound 52b was prepared from 50b in 9.3% yield as a solid, using a similar approach to that described for 52a. 
1H NMR (DMSO-d6): 2.70–2.79 (2H, m), 2.80–2.91 (2H, m), 3.57–3.70 (8H, m), 7.11–7.18 (2H, m), 7.25–7.32 
(2H, m), 7.43 (4H, br s), 8.27 (2H, s), 9.86 (1H, s); MS (ESI) m/z [M+H]+ 327. 
 
tert-Butyl [2-(3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)ethyl]carbamate (55) 
To a solution of 2-(3-methylphenyl)ethanamine (53; 3.00 g, 22.2 mmol) in THF (30 mL) were added Et3N (9.00 
mL, 64.6 mmol) and di-tert-butyl dicarbonate (5.30 g, 24.3 mmol). After being stirred at room temperature for 1 h, 
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the mixture was concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(hexane/EtOAc) to give tert-butyl [2-(3-methylphenyl)ethyl]carbamate (5.17 g, 99%). To a solution of tert-butyl 
[2-(3-methylphenyl)ethyl]carbamate (5.17 g, 22.0 mmol) in CCl4 (100 mL) were added NBS (3.91 g, 22.0 mmol) 
and AIBN (180 mg, 1.10 mmol), and the mixture was refluxed for 2 h. After being cooled to room temperature, 
insoluble material was removed by filtration. The filtrate was diluted with H2O and extracted with CHCl3. The 
organic layer was dried over MgSO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel to give tert-butyl {2-[3-(bromomethyl)phenyl]ethyl}carbamate (867 mg, 13%). To a 
solution of tert-butyl {2-[3-(bromomethyl)phenyl]ethyl}carbamate (865 mg, 2.75 mmol) in toluene (9.0 mL) was 
added PPh3 (723 mg, 2.76 mmol). The mixture was stirred at 100 °C overnight. After being cooled to room 
temperature, the resulting precipitate was filtered to give 54 (600 mg, 38%) as a solid. Compound 55 was prepared 
from 49 and 54 in 17% yield, using a similar approach to that described for 50a. 1H NMR (CDCl3): δ 1.44 (9H, s), 
2.69–2.86 (6H, m), 3.24–3.40 (2H, m), 3.69–3.81 (8H, m), 4.59 (1H, br s), 6.94 (1H, br s), 6.99–7.06 (2H, m), 7.22 
(1H, dd, J = 7.6, 7.6 Hz), 8.07 (2H, s); MS (ESI) m/z [M+H]+ 413. 
 
N-[2-(3-{2-[2-(Morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)ethyl]guanidine dihydrochloride (56) 
To a solution of 55 (70.0 mg, 0.17 mmol) in MeOH (2.0 mL) was added 4 M HCl/EtOAc (0.40 mL, 1.60 mmol). 
After being stirred at room temperature overnight, the mixture was concentrated in vacuo to give 2-(3-{2-[2-
(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)ethanamine dihydrochloride (65.0 mg, 99%). Compound 56 was 
prepared from 2-(3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)ethanamine dihydrochloride in 18% yield 
as a pale yellow solid, using a similar approach to that described for 52a. 1H NMR (DMSO-d6): δ 2.69–2.85 (6H, 
m), 3.28–3.41 (2H, m), 3.61–3.67 (8H, m), 7.03–7.12 (2H, m), 7.13–7.16 (1H, m), 7.18 (4H, br s), 7.22 (1H, dd, J 
= 7.6, 7.6 Hz), 7.66 (1H, t, J = 5.6 Hz), 8.24 (2H, s); MS (ESI) m/z [M+H]+ 355; HRMS (ESI) m/z Calcd for 
C19H27N6O [M+H]+: 355.2241, Found: 355.2237. 
 
Ethyl (3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]vinyl}phenyl)acetate (58) 
To a solution of [3-(carboxymethyl)benzyl](triphenyl)phosphonium bromide (57; 1.00 g, 2.04 mmol) in DMF (8.0 
mL) was added NaH (55% in oil, 240 mg, 5.50 mmol) at -20 °C. After being stirred at the same temperature for 10 
min, a solution of 49 (350 mg, 1.81 mmol) in DMF (4.0 mL) was added. After being stirred at room temperature 
for 1 h, the mixture was concentrated in vacuo. The residue was diluted with EtOAc and extracted with 1 M NaOH 
aqueous solution. The aqueous layer was neutralized with 1 M HCl aqueous solution, and extracted with CHCl3. 
The organic layer was dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel (CHCl3/MeOH) to give (3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]vinyl}phenyl)acetic 
acid. To a solution of (3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]vinyl}phenyl)acetic acid in EtOH (10 mL) was 
added conc. H2SO4 (1.00 mL, 18.8 mmol). The mixture was stirred at 70 °C overnight. After being cooled to room 
temperature, the mixture was concentrated in vacuo. The residue was diluted with saturated NaHCO3 aqueous 
solution, and extracted with EtOAc. The organic layer was dried over Na2SO4, and concentrated in vacuo. The 
residue was purified by column chromatography on silica gel (hexane/EtOAc) to give the product (115 mg, 18%). 
1H NMR (CDCl3): δ 1.24 (3H, t, J = 7.0 Hz), 3.56 (2H, s), 3.71–3.82 (8H, m), 4.14 (2H, q, J = 7.1 Hz), 6.31 (1H, 
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d, J = 12.1 Hz), 6.57 (1H, d, J = 12.1 Hz), 7.12–7.25 (4H, m), 8.19 (2H, s); MS (ESI) m/z [M+H]+ 354. 
 
Ethyl (3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)acetate (59) 
To a solution of 58 (115 mg, 0.33 mmol) in EtOH (3.0 mL) was added 10% Pd/C (60.0 mg). After being stirred 
under a hydrogen atmosphere at room temperature for 5 h, the mixture was filtered through a Celite pad. The filtrate 
was concentrated in vacuo to give the product (101mg, 87%). 1H NMR (CDCl3): 1.25 (3H, t, J = 7.1 Hz), 2.71–2.79 
(2H, m), 2.80–2.88 (2H, m), 3.58 (2H, s) 3.68–3.84 (8H, m), 4.15 (2H, q, J = 7.0 Hz), 7.02–7.17 (3H, m), 7.20–
7.27 (1H, m), 8.11 (2H, s); MS (ESI) m/z [M+H]+ 356. 
 
N-Carbamimidoyl-2-(3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)acetamide hemi(2R, 3R)-tartrate 
(60) 
To a solution of 59 (101 mg, 0.28 mmol) in EtOH (2.0 mL) was added 1 M NaOH aqueous solution (1.00 mL, 1.00 
mmol). After being stirred at room temperature for 3 h, the mixture was neutralized with 1 M HCl aqueous solution. 
The mixture was concentrated in vacuo. The residue was diluted with H2O, and extracted with CHCl3. The organic 
layer was dried over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica gel (CHCl3/MeOH) to give (3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)acetic acid (75.0 mg, 81%). 
To a solution of (3-{2-[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)acetic acid (75.0 mg, 0.23 mmol) in DMF 
(3.0 mL) was added CDI (48.0 mg, 0.30 mmol) at 0 °C. After being stirred at room temperature for 2 h, guanidinium 
carbonate (124 mg, 0.69 mmol) was added to the mixture. After being stirred at room temperature overnight, the 
mixture was concentrated in vacuo. The residue was diluted with H2O, and extracted with EtOAc. The organic layer 
was washed with H2O, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on amino functionalized silica gel (CHCl3/MeOH) to give N-carbamimidoyl-2-(3-{2-[2-
(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)acetamide (45.0 mg). To a suspension of N-carbamimidoyl-2-(3-{2-
[2-(morpholin-4-yl)pyrimidin-5-yl]ethyl}phenyl)acetamide (45.0 mg) in MeCN (2.0 mL) was added a solution of 
(2R, 3R)-tartaric acid (18.0 mg, 0.12 mmol) in MeCN/H2O (9:1). After being stirred at room temperature for 1 h, 
the resulting precipitate was filtered to give the product (48.0 mg, 40%) as a colorless solid. 1H NMR (DMSO-d6): 
δ 2.68–2.75 (2H, m), 2.75–2.84 (2H, m), 3.58 (2H, s), 3.57–3.67 (8H, m), 4.09 (1H, s, tartaric acid), 7.04–7.13 (2H, 
m), 7.14–7.17 (1H, m), 7.20 (1H, dd, J = 7.5, 7.5 Hz), 7.70 (2H, br s), 8.23 (2H, s), 8.48 (2H, br s); MS (ESI) m/z 
[M+H]+ 369; HRMS (ESI) m/z Calcd for C19H25N6O2 [M+H]+: 369.2034, Found: 369.2030. 
 
[2-Methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]methanol (62a) 
To a solution of (3-bromo-2-methylphenyl)methanol (61a; 674 mg, 3.35 mmol) in dioxane (10 mL) were added 
4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-1,3,2-dioxaborolane (1.00 g, 3.94 mmol), KOAc (1.00 g, 10.2 mmol), and 
PdCl2(PPh3)2 (120 mg, 0.17 mmol) under an argon atmosphere. The mixture was stirred at 80 °C overnight. After 
being cooled to room temperature, the mixture was concentrated in vacuo. The residue was diluted with saturated 
NaHCO3 aqueous solution and extracted with EtOAc. The organic layer was dried over Na2SO4 and concentrated 
in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc) to give the product 
(816 mg, 98%). 1H NMR (CDCl3): δ 1.35 (12H, s), 2.55 (3H, s), 4.71 (2H, s), 7.19 (1H, dd, J = 7.4, 7.4 Hz), 7.43 
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(1H, dd, J = 7.5, 1.1 Hz), 7.71 (1H, dd, J = 7.5, 1.4 Hz); MS (EI) m/z [M]+ 248. 
 
[2-Chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]methanol (62b) 
Compound 62b was prepared from (3-bromo-2-chlorophenyl)methanol (61b) in 82% yield, using a similar approach 
to that described for 62a. 1H NMR (CDCl3): δ 1.38 (12H, s), 1.99 (1H, t, J = 6.3 Hz), 4.78 (2H, d, J = 6.1 Hz), 7.27 
(1H, dd, J = 7.5, 7.5 Hz), 7.51–7.55 (1H, m), 7.60 (1H, dd, J = 7.4, 1.7 Hz); MS (EI) m/z [M]+ 268. 
 
Ethyl {3-[2-(morpholin-4-yl)pyrimidin-5-yl]phenyl}acetate (65a) 
To a solution of 4-(5-bromopyrimidin-2-yl)morpholine (63; 4.10 g, 16.8 mmol) and ethyl [3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl]acetate (6.34 g, 21.8 mmol) in DME (82 mL)/H2O (41 mL) were added Na2CO3 
(5.34 g, 50.4 mmol), and Pd(PPh3)4 (1.94 g, 1.68 mmol) under an argon atmosphere. The mixture was stirred at 
80 °C for 2.5 h. After being cooled to room temperature, the mixture was diluted with H2O and EtOAc. The mixture 
was filtered, and the filtrate was separated. The organic layer was washed with H2O and brine, dried over Na2SO4, 
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc = 17:3 
to 3:2) and column chromatography on amino functionalized silica gel (hexane/EtOAc = 9:1 to 7:3) to give the 
product (5.29 g, 96%) as a colorless solid. 1H NMR (DMSO-d6): δ 1.19 (3H, t, J = 7.1 Hz), 3.64–3.79 (8H, m), 3.72 
(2H, s), 4.10 (2H, q, J = 7.1 Hz), 7.25 (1H, d, J = 7.6 Hz), 7.35–7.45 (1H, m), 7.50–7.58 (2H, m), 8.70 (2H, s); MS 
(ESI) m/z [M+H]+ 328. 
 
3-[2-(Morpholin-4-yl)pyrimidin-5-yl]benzaldehyde (65b) 
Compound 65b was prepared from 63 and (3-formylphenyl)boronic acid in 89% yield as a colorless solid, using a 
similar approach to that described for 65a. 1H NMR (CDCl3): δ 3.76–3.84 (4H, m), 3.84–3.93 (4H, m), 7.62 (1H, 
dd, J = 7.6, 7.6 Hz), 7.71–7.78 (1H, m), 7.81–7.89 (1H, m), 7.97–8.02 (1H, m), 8.60 (2H, s), 10.08 (1H, s); MS 
(ESI) m/z [M+H]+ 270. 
 
{3-[2-(Morpholin-4-yl)pyrimidin-5-yl]phenyl}methanol (65c) 
Compound 65c was prepared from 4-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl]morpholine 
(64) and (3-bromophenyl)methanol in 82% yield as a colorless solid, using a similar approach to that described 
for65a. 1H NMR (CDCl3): δ 1.76 (1H, t, J = 5.9 Hz), 3.74–3.82 (4H, m), 3.82–3.90 (4H, m), 4.77 (2H, d, J = 5.7 
Hz), 7.33–7.38 (1H, m), 7.38–7.47 (2H, m), 7.47–7.52 (1H, m), 8.57 (2H, s); MS (EI) m/z [M]+ 271. 
 
{2-Methyl-3-[2-(morpholin-4-yl)pyrimidin-5-yl]phenyl}methanol (65d) 
Compound 65d was prepared from 63 and 62a in 60% yield, using a similar approach to that described for 65a. 1H 
NMR (CDCl3): δ 1.66 (1H, t, J = 5.7 Hz), 2.28 (3H, s), 3.76–3.89 (8H, m), 4.77 (2H, d, J = 5.7 Hz), 7.11–7.17 (1H, 
m), 7.25–7.31 (1H, m), 7.39–7.44 (1H, m), 8.30 (2H, s); MS (ESI) m/z [M+H]+ 286. 
 
{2-Chloro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]phenyl}methanol (65e) 
Compound 65e was prepared from 63 and 62b in 63% yield, using a similar approach to that described for 65a. 1H 
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NMR (CDCl3): δ 2.02 (1H, t, J = 6.3 Hz), 3.75–3.83 (4H, m), 3.83–3.91 (4H, m), 4.85 (2H, d, J = 6.3 Hz), 7.24 (1H, 
dd, J = 7.6, 1.7 Hz), 7.36 (1H, dd, J = 7.6, 7.6 Hz), 7.50–7.56 (1H, m), 8.42 (2H, s); MS (APCI/ESI) m/z [M+H]+ 
306. 
 
4-Fluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzaldehyde (65f)  
Compound 65f was prepared from 63 and (2-fluoro-5-formylphenyl)boronic acid in 96% yield as a pale yellow 
solid, using a similar approach to that described for 65a. 1H NMR (DMSO-d6): δ 3.65–3.74 (4H, m), 3.74–3.82 (4H, 
m), 7.52–7.65 (1H, m), 7.96 (1H, ddd, J = 8.5, 5.0, 2.2 Hz), 8.15 (1H, dd, J = 7.7, 2.1 Hz), 8.67 (2H, d, J = 1.6 Hz), 
10.03 (1H, s); MS (ESI) m/z [M+H]+ 288. 
 
2-Fluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzaldehyde (65g)  
Compound 65g was prepared from 63 and (2-fluoro-3-formylphenyl)boronic acid in 99% yield as a pale yellow-
green solid, using a similar approach to that described for 65a. 1H NMR (DMSO-d6): δ 3.66–3.72 (4H, m), 3.75–
3.82 (4H, m), 7.48 (1H, dd, J = 7.6, 7.6 Hz), 7.79–7.86 (1H, m), 7.87–7.95 (1H, m), 8.65 (2H, d, J = 1.1 Hz), 10.30 
(1H, s); MS (ESI) m/z [M+H]+ 288. 
 
2,4-Difluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzaldehyde (65h)  
To a suspension of 63 (500 mg, 2.05 mmol) and (2,6-difluoro-3-formylphenyl)boronic acid (495 mg, 2.66 mmol) 
in toluene (10 mL)/H2O (1.0 mL) were added K3PO4 (1.30 g, 6.15 mmol), Pd(OAc)2 (46.0 mg, 0.20 mmol), and 
SPhos (84.1 mg, 0.20 mmol) under an argon atmosphere. After being stirred at 100 °C overnight, (2,6-difluoro-3-
formylphenyl)boronic acid (495 mg, 2.66 mmol), Pd(OAc)2 (92.0 mg, 0.41 mmol), and SPhos (168 mg, 0.41 mmol) 
were added to the mixture. After being stirred at 100 °C for 3 h, (2,6-difluoro-3-formylphenyl)boronic acid (495 
mg, 2.66 mmol), Pd(OAc)2 (92.0 mg, 0.41 mmol), SPhos (168 mg, 0.41 mmol), and K3PO4 (1.30 g, 6.15 mmol) 
were added to the mixture. The mixture was stirred at 100 °C overnight. After being cooled to room temperature, 
the mixture was diluted with H2O and CHCl3. The mixture was filtered, and the filtrate was separated. The organic 
layer was washed with H2O and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica gel (hexane/CHCl3/EtOAc = 1:9:0 to 2:18:5) to give the product (149 mg, 24%) 
as a pale yellow solid. 1H NMR (DMSO-d6): δ 3.65–3.72 (4H, m), 3.75–3.82 (4H, m), 7.44 (1H, dd, J = 9.0, 9.0 
Hz), 7.93 (1H, ddd, J = 8.3, 8.3, 6.6 Hz), 8.54–8.58 (2H, m), 10.21 (1H, s); MS (ESI) m/z [M+H]+ 306. 
 
N-Carbamimidoyl-2-{3-[2-(morpholin-4-yl)pyrimidin-5-yl]phenyl}acetamide (2R, 3R)-tartrate (66a)  
Compound 66a was prepared from 65a in 11% yield as a colorless solid, using a similar approach to that described 
for 60. 1H NMR (DMSO-d6): δ 3.64–3.70 (4H, m), 3.71–3.79 (6H, m), 4.14 (2H, s, tartaric acid), 7.24–7.30 (1H, 
m), 7.40 (1H, dd, J = 7.7, 7.7 Hz), 7.50–7.56 (1H, m), 7.56–7.61 (1H, m), 8.00 (2H, br s), 8.71 (2H, s), 8.82 (2H, 
br s); MS (ESI) m/z [M+H]+ 341; HRMS (ESI) m/z Calcd for C17H21N6O2 [M+H]+: 341.1721, Found: 341.1718. 
 
3-Carbamimidoyl-1-methyl-1-{3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl}urea (2R, 3R)-tartrate (66b)  
To a mixture of 65b (480 mg, 1.78 mmol), methanamine hydrochloride (250 mg, 3.70 mmol), and NaOAc (300 mg, 
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3.66 mmol) in AcOH (10 mL) was added NaBH(OAc)3 (700 mg, 3.30 mmol) at 0 °C. After being stirred at room 
temperature for 24 h, the mixture was concentrated in vacuo. The residue was diluted with H2O and CHCl3, basified 
with K2CO3, then separated. The organic layer was dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (CHCl3/MeOH = 1:0 to 9:1) to give N-methyl-1-{3-[2-(morpholin-
4-yl)pyrimidin-5-yl]phenyl}methanamine (320 mg, 63%) as a colorless solid. To a solution of N-methyl-1-{3-[2-
(morpholin-4-yl)pyrimidin-5-yl]phenyl}methanamine (185 mg, 0.65 mmol) in DMF (3.0 mL) was added CDI (211 
mg, 1.30 mmol) at 0 °C. After being stirred at room temperature for 2 h, guanidinium carbonate (410 mg, 2.28 
mmol) and DBU (0.50 mL, 3.35 mmol) were added to the mixture. The mixture was stirred at 70 °C overnight. 
After being cooled to room temperature, the mixture was concentrated in vacuo. The residue was diluted with H2O, 
and the resulting precipitate was filtered to give the solid. This solid was purified by column chromatography on 
amino functionalized silica gel (CHCl3/MeOH) to give 3-carbamimidoyl-1-methyl-1-{3-[2-(morpholin-4-
yl)pyrimidin-5-yl]benzyl}urea (135 mg). To a suspension of 3-carbamimidoyl-1-methyl-1-{3-[2-(morpholin-4-
yl)pyrimidin-5-yl]benzyl}urea (135 mg) in MeCN (2.7 mL)/H2O (0.3 mL) was added a solution of (2R, 3R)-tartaric 
acid (55.0 mg, 0.37 mmol) in MeCN/H2O (9:1). After being stirred at room temperature for 1 h, the resulting 
precipitate was filtered to give the product (156 mg, 46%) as a colorless solid. 1H NMR (DMSO-d6): δ 2.64–3.09 
(3H, br m), 3.64–3.79 (8H, m), 4.16 (2H, s, tartaric acid), 4.40–4.86 (2H, br m), 7.04 (2H, br s), 7.20 (1H, d, J = 7.7 
Hz), 7.33 (2H, br s), 7.41 (1H, dd, J = 7.6, 7.6 Hz), 7.46–7.57 (2H, m), 8.70 (2H, s); MS (ESI) m/z [M+H]+ 370; 
Anal. Calcd for C18H23N7O2∙C4H6O6∙0.2H2O: C, 50.51; H, 5.67; N, 18.74. Found: C, 50.47; H, 5.75; N, 18.69. 
 
3-[2-(Morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate (2R, 3R)-tartrate (66c)  
To a solution of 65c (300 mg, 1.11 mmol) in DMF (6.0 mL) was added CDI (498 mg, 2.76 mmol) at 0 °C. After 
being stirred at room temperature for 2 h, guanidinium carbonate (359 mg, 2.21 mmol) was added to the mixture. 
After being stirred at room temperature overnight, the mixture was diluted with H2O, and the resulting precipitate 
was filtered to give the solid. This solid was purified by column chromatography on amino functionalized silica gel 
(CHCl3/MeOH = 99:1 to 19:1) to give 3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate. To a 
mixture of 3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate in MeCN (18 mL)/H2O (2.0 mL) 
was added (2R, 3R)-tartaric acid (166 mg, 1.11 mmol). The resulting precipitate was filtered to give the product 
(220 mg, 39%) as a colorless solid. 1H NMR (DMSO-d6): δ 3.62–3.72 (4H, m), 3.72–3.82 (4H, m), 4.19 (2H, s, 
tartaric acid), 5.09 (2H, s), 7.33 (1H, d, J = 7.6 Hz), 7.38 (4H, br s), 7.44 (1H, dd, J = 7.6, 7.6 Hz), 7.54–7.66 (2H, 
m), 8.71 (2H, s); MS (ESI) m/z [M+H]+ 357; HRMS (ESI) m/z Calcd for C17H21N6O3 [M+H]+: 357.1670, Found: 
357.1668. 
 
2-Methyl-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate (2R, 3R)-tartrate (66d)  
To a solution of 65d (172 mg, 0.60 mmol) in DMF (4.0 mL) was added CDI (135 mg, 0.83 mmol). After being 
stirred at 70 °C for 3 h, a mixture of guanidinium chloride (180 mg, 1.88 mmol) and NaH (55% in oil, 80.0 mg, 
1.83 mmol) in DMF (3.0 mL) was added to the mixture. After being stirred at room temperature for 1 h, the mixture 
was concentrated in vacuo. The residue was diluted with H2O, and extracted with CHCl3. The organic layer was 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
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(CHCl3/MeOH) to give 2-methyl-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate (103 mg). 
To a mixture of 2-methyl-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate (103 mg) in 
MeCN/H2O (9:1) was added (2R, 3R)-tartaric acid (42 mg, 0.28 mmol). After being stirred at room temperature for 
1 h, the resulting precipitate was filtered to give the product (138 mg, 44%) as a colorless solid. 1H NMR (DMSO-
d6): δ 2.20 (3H, s), 3.66–3.72 (4H, m), 3.72–3.79 (4H, m), 4.20 (2H, s, tartaric acid), 5.11 (2H, s), 7.15–7.23 (1H, 
m), 7.26 (1H, dd, J = 7.5, 7.5 Hz), 7.36 (1H, br d, J = 7.4 Hz), 7.41 (4H, br s), 8.37 (2H, s); MS (ESI) m/z [M+H]+ 
371; Anal. Calcd for∙C18H22N6O3∙C4H6O6∙2.2H2O: C, 47.17; H, 5.83; N, 15.00. Found: C, 47.05; H, 5.91; N, 14.87. 
 
2-Chloro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate dihydrochloride (66e)  
To a solution of 65e (216 mg, 0.71 mmol) in DMF (3.0 mL) was added CDI (230 mg, 1.42 mmol). After being 
stirred at room temperature for 3 h, guanidinium carbonate (450 mg, 2.50 mmol) was added to the mixture. After 
being stirred at room temperature for 1 h, the mixture was concentrated in vacuo. The residue was diluted with H2O, 
and extracted with CHCl3. The organic layer was dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (CHCl3/MeOH) to give 2-chloro-3-[2-(morpholin-4-yl)pyrimidin-
5-yl]benzyl carbamimidoylcarbamate (239 mg). To a mixture of 2-chloro-3-[2-(morpholin-4-yl)pyrimidin-5-
yl]benzyl carbamimidoylcarbamate (239 mg) in IPA (3.0 mL) was added 4 M HCl/EtOAc (0.63 mL, 2.52 mmol). 
After being stirred at room temperature for 1 h, the mixture was concentrated in vacuo. EtOAc was added to the 
residue, and the resulting precipitate was filtered and washed with EtOAc to give the product (202 mg, 62%) as a 
colorless solid. 1H NMR (DMSO-d6): δ 3.66–3.73 (4H, m), 3.73–3.80 (4H, m), 5.39 (2H, s), 7.47–7.53 (2H, m), 
7.56–7.62 (1H, m), 8.04 (2H, br s), 8.43 (2H, br s), 8.48 (2H, s), 11.65 (1H, s); MS (ESI) m/z [M+H]+ 391; HRMS 
(ESI) m/z Calcd for C17H20ClN6O3 [M+H]+: 391.1280, Found: 391.1280. 
 
4-Fluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate dihydrochloride (66f)  
To a suspension of 65f (483 mg, 1.68 mmol) in MeOH (19 mL)/THF (5.0 mL) was added NaBH4 (127 mg, 3.36 
mmol) at 0 °C. After being stirred at the same temperature for 1 h, the mixture was diluted with H2O, and extracted 
with EtOAc. The organic layer was washed with H2O and brine, dried over Na2SO4, and concentrated in vacuo. The 
residue was purified by column chromatography on silica gel (hexane/EtOAc = 3:2 to 1:4) to give {4-fluoro-3-[2-
(morpholin-4-yl)pyrimidin-5-yl]phenyl}methanol (374 mg, 77%) as a colorless oil. Compound 66f was prepared 
from {4-fluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]phenyl}methanol in 81% yield as a colorless solid, using a 
similar approach to that described for 66e. 1H NMR (DMSO-d6): δ 3.63–3.72 (4H, m), 3.73–3.81 (4H, m), 5.26 (2H, 
s), 7.37 (1H, dd, J = 10.6, 8.5 Hz), 7.42–7.51 (1H, m), 7.66 (1H, dd, J = 7.6, 2.2 Hz), 8.07 (2H, br s), 8.42 (2H, br 
s), 8.61 (2H, d, J = 1.4 Hz), 11.57 (1H, s); MS (ESI) m/z [M+H]+ 375; Anal. Calcd for C17H19FN6O3∙1.9HCl∙0.2H2O: 
C, 45.65; H, 4.80; N, 18.79; Cl, 15.06; F, 4.25. Found: C, 45.36; H, 4.75; N, 18.66; Cl, 14.97; F, 4.27. 
 
2-Fluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate hydrochloride (66g)  
Compound 66g was prepared from 65g in 87% yield as a colorless solid, using a similar approach to that described 
for 66f. 1H NMR (DMSO-d6): δ 3.64–3.73 (4H, m), 3.73–3.81 (4H, m), 5.35 (2H, s), 7.35 (1H, dd, J = 7.7, 7.7 Hz), 
7.47–7.55 (1H, m),7.61 (1H, ddd, J = 7.6, 7.6, 1.6 Hz), 8.05 (2H, br s), 8.43 (2H, br s), 8.60 (2H, d, J = 1.2 Hz), 
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11.60 (1H, s); MS (ESI) m/z [M+H]+ 375; Anal. Calcd for C17H19FN6O3∙HCl: C, 49.70; H, 4.91; N, 20.46; Cl, 8.63; 
F, 4.62. Found: C, 49.86; H, 5.06; N, 20.19; Cl, 8.69; F, 4.67. 
 
2,4-Difluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate hemi(2R, 3R)-tartrate 
(66h)  
To a suspension of 65h (149 mg, 0.49 mmol) in MeOH (4.0 mL)/THF (1.0 mL) was added NaBH4 (36.9 mg, 0.98 
mmol) at 0 °C. The mixture was stirred at the same temperature for 1 h, then stirred at room temperature overnight. 
The mixture was diluted with H2O at 0 °C, and extracted with CHCl3. The organic layer was washed with H2O and 
brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on silica 
gel (hexane/EtOAc = 4:1 to 1:1) to give {2,4-difluoro-3-[2-(morpholin-4-yl)pyrimidin-5-yl]phenyl}methanol (115 
mg, 77%) as a colorless solid. Compound 66h was prepared from {2,4-difluoro-3-[2-(morpholin-4-yl)pyrimidin-5-
yl]phenyl}methanol in 64% yield as a colorless solid, using a similar approach to that described for 66c. 1H NMR 
(DMSO-d6): δ 3.64–3.73 (4H, m), 3.73–3.82 (4H, m), 4.21 (1H, s, tartaric acid), 5.06 (2H, s), 7.09 (4H, br s), 7.17–
7.30 (1H, m), 7.42–7.55 (1H, m), 8.49 (2H, s); MS (ESI) m/z [M+H]+ 393; Anal. Calcd for 
C17H18F2N6O3∙0.5C4H6O6∙0.4H2O: C, 48.08; H, 4.63; N, 17.71; F, 8.01. Found: C, 48.25; H, 4.68; N, 17.46; F, 8.00. 
 
4-(5-Bromo-4-methylpyrimidin-2-yl)morpholine (68)  
To a solution of 2-chloro-4-methylpyrimidine (67; 500 mg, 3.89 mmol) in EtOH (10 mL) was added morpholine 
(1.70 mL, 19.5 mmol). The mixture was stirred at 80 °C for 3 h. After being cooled to room temperature, the mixture 
was concentrated in vacuo. The residue was diluted with H2O, and extracted with CHCl3. The organic layer was 
washed with H2O and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel (hexane/EtOAc = 9:1 to 3:2) to give 4-(4-methylpyrimidin-2-yl)morpholine (660 mg, 
95%) as a colorless solid. To a solution of 4-(4-methylpyrimidin-2-yl)morpholine (300 mg, 1.67 mmol) in CH2Cl2 
(4.0 mL) was added NBS (358 mg, 2.01 mmol) at 0 °C. After being stirred at room temperature for 1 h, the mixture 
was purified by column chromatography on silica gel (hexane/EtOAc = 1:0 to 17:3) to give the product (372 mg, 
86%) as a colorless solid. 1H NMR (DMSO-d6): δ 2.39 (3H, s), 3.60–3.71 (8H, m), 8.37 (1H, s); MS (ESI) m/z 
[M+H]+ 258. 
 
2-Fluoro-3-[4-methyl-2-(morpholin-4-yl)pyrimidin-5-yl]benzaldehyde (69) 
Compound 69 was prepared from 68 and (2-fluoro-3-formylphenyl)boronic acid in 65% yield as a pale yellow solid, 
using a similar approach to that described for 65h. 1H NMR (DMSO-d6): δ 2.22 (3H, d, J = 1.2 Hz), 3.65–3.72 (4H, 
m), 3.72–3.80 (4H, m), 7.48 (1 H, dd, J = 7.6, 7.6 Hz) 7.72 (1 H, ddd, J = 7.4, 7.4, 2.0 Hz), 7.85–7.91 (1H, m), 8.24 
(1H, s), 10.28 (1 H, s); MS (ESI) m/z [M+H]+ 302. 
 
2-Fluoro-3-[4-methyl-2-(morpholin-4-yl)pyrimidin-5-yl]benzyl carbamimidoylcarbamate (2R, 3R)-tartrate 
(70) 
Compound 70 was prepared from 69 in 76% yield as a colorless solid, using a similar approach to that described 
for 66h. 1H NMR (DMSO-d6): δ 2.19 (3H, d, J = 1.0 Hz), 3.63–3.71 (4H, m), 3.71–3.79 (4H, m), 4.21 (2H, s, tartaric 
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acid), 5.10 (2H, s), 7.19 (4H, br s), 7.24–7.37 (2H, m), 7.46 (1 H, ddd, J = 7.0, 7.0, 2.2 Hz), 8.19 (1 H, s); MS (ESI) 
m/z [M+H]+ 389; HRMS (ESI) m/z Calcd for C18H22FN6O3 [M+H]+: 389.1732, Found: 389.1730. 
 
1-Bromo-3-{[(4-methoxybenzyl)oxy]methyl}benzene (72) 
To a mixture of (3-bromophenyl)methanol (71; 500 mg, 2.67 mmol) in DMF (10 mL) was added NaH (55% in oil, 
140 mg, 3.21 mmol) at 0 °C. After being stirred at the same temperature for 10 min, 1-(chloromethyl)-4-
methoxybenzene (520 mg, 3.32 mmol) was added. After being stirred at room temperature for 2 h, the mixture was 
diluted with H2O, and extracted with EtOAc. The organic layer was dried over MgSO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (hexane/CHCl3 = 4:1) to give the product (801 
mg, 98%) as a colorless oil. 1H NMR (DMSO-d6): δ 3.75 (3H, s), 4.46 (2H, s), 4.50 (2H, s), 6.89–6.95 (2H, m), 
7.24–7.37 (4H, m), 7.46–7.50 (1H, m), 7.51–7.54 (1H, m); MS (ESI) m/z [M+H]+ 306. 
 
{3-[4-(Morpholin-4-yl)piperidin-1-yl]phenyl}methanol (73a) 
To a solution of 72 (300 mg, 0.98 mmol) and 4-(piperidin-4-yl)morpholine (250 mg, 1.47 mmol) in toluene (6.0 
mL) were added Pd2(dba)3 (18.0 mg, 0.020 mmol), BINAP (36.0 mg, 0.058 mmol), and t-BuONa (130 mg, 1.35 
mmol) under an argon atmosphere. The mixture was stirred at 100 °C for 1 h. After being cooled to room 
temperature, the mixture was diluted with H2O, and extracted with CHCl3. The organic layer was dried over MgSO4, 
and concentrated in vacuo. The residue was purified by column chromatography on silica gel to give 4-[1-(3-{[(4-
methoxybenzyl)oxy]methyl}phenyl)piperidin-4-yl]morpholine (345 mg, 89%). To a solution of 4-[1-(3-{[(4-
methoxybenzyl)oxy]methyl}phenyl)piperidin-4-yl]morpholine (340 mg, 0.86 mmol) in CH2Cl2 (2.0 mL) was added 
TFA (1.00 mL, 13.1 mmol). After being stirred at room temperature for 1 h, the mixture was concentrated in vacuo. 
The residue was diluted with saturated NaHCO3 aqueous solution, and extracted with CHCl3/IPA (4:1). The organic 
layer was dried over MgSO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica gel (CHCl3/MeOH) to give the product (235 mg, 99%). 1H NMR (DMSO-d6): δ 1.47 (2H, dddd, J = 11.9, 
11.9, 11.9, 3.9 Hz), 1.85 (2H, br d, J = 12.1 Hz), 2.26 (1H, dddd, J = 11.0, 11.0, 3.6, 3.6 Hz), 2.41–2.48 (4H, m), 
2.65 (2H, ddd, 12.1, 12.1, 2.0 Hz), 3.52–3.60 (4H, m), 3.64–3.74 (2H, m), 4.42 (2H, d, J = 5.9 Hz), 5.03 (1H, t, J = 
5.8 Hz), 6.70 (1H, d, J = 7.4 Hz), 6.78 (1H, dd, J = 8.2, 2.0 Hz), 6.88 (1H, br s), 7.12 (1H, dd, J = 7.8, 7.8 Hz); MS 
(ESI) m/z [M+H]+ 277. 
 
{3-[4-(Pyridin-4-yl)piperazin-1-yl]phenyl}methanol (73b) 
Compound 73b was prepared from 72 and 1-(pyridin-4-yl)piperazine in 69% yield, using a similar approach to that 
described for 73a. 1H NMR (DMSO-d6): δ 3.21–3.28 (4H, m), 3.41–3.51 (4H, m), 4.45 (2H, d, J = 5.7 Hz), 5.08 
(1H, t, J = 5.8 Hz), 6.77 (1H, d, J = 7.4 Hz), 6.82–6.90 (3H, m), 6.95 (1H, br s), 7.18 (1H, dd, J = 7.7, 7.7 Hz), 8.15–
8.22 (2H, m); MS (ESI) m/z [M+H]+ 270. 
 
3-[4-(Morpholin-4-yl)piperidin-1-yl]benzyl carbamimidoylcarbamate trihydrochloride (74a) 
Compound 74a was prepared from 73a in 85% yield as a colorless solid, using a similar approach to that described 
for 66e. 1H NMR (DMSO-d6): δ 1.82–2.02 (2H, m), 2.24 (2H, br d, J = 11.3 Hz), 2.86 (2H, dd, J = 11.8, 11.8 Hz), 
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2.99–3.18 (2H, m), 3.29–3.50 (1H, m), 3.44 (2H, d, J = 12.1 Hz), 3.81–4.03 (6H, m), 5.19 (2H, s), 6.95 (1H, d, J = 
7.0 Hz) 7.13 (1H, d, J = 7.6 Hz), 7.19 (1H, br s), 7.30 (1H, dd, J = 7.2, 7.2 Hz), 8.14 (2H, br s), 8.52 (2H, br s), 
11.52 (1H, br s), 11.68 (1H, s); MS (ESI) m/z [M+H]+ 362; Anal. Calcd for C18H27N5O3∙2.9HCl∙1.3H2O: C, 44.07; 
H, 6.68; N, 14.28; Cl, 20.96. Found: C, 44.10; H, 6.71; N, 14.11; Cl, 20.95. 
 
3-[4-(Pyridin-4-yl)piperazin-1-yl]benzyl carbamimidoylcarbamate trihydrochloride (74b) 
Compound 74b was prepared from 73b in 70% yield as a beige solid, using a similar approach to that described for 
66e. 1H NMR (DMSO-d6): δ 3.34–3.43 (4H, m), 3.82–3.92 (4H, m), 5.19 (2H, s), 6.88 (1H, d, J = 7.4 Hz), 6.97–
7.02 (1H, m), 7.06 (1H, s), 7.22–7.33 (3H, m), 8.18 (2H, br s), 8.22–8.33 (3H, m), 8.56 (2H, br s), 11.71 (1H, br s), 
13.85 (1H, br s); MS (ESI) m/z [M+H]+ 355; Anal. Calcd for C18H22N6O2∙3HCl∙2H2O: C, 43.25; H, 5.85; N, 16.81; 
Cl, 21.28. Found: C, 43.16; H, 5.64; N, 16.77; Cl, 21.13. 
 
[(3-Bromo-2-fluorobenzyl)oxy](tert-butyl)dimethylsilane (76b) 
To a solution of (3-bromo-2-fluorophenyl)methanol (75; 4.00 g, 19.5 mmol) in THF (40 mL) were added tert-
butyl(chloro)dimethylsilane (3.50 g, 23.0 mmol) and 1H-imidazole (2.0 g, 29.4 mmol). After being stirred at room 
temperature for 1 h, the mixture was diluted with H2O, and extracted with EtOAc. The organic layer was dried over 
MgSO4, and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(hexane/EtOAc = 1:0 to 9:1) to give the product (5.90 g, 95%) as a colorless oil. 1H NMR (DMSO-d6): δ 0.09 (6H, 
s), 0.90 (9H, s), 4.78 (2H, s), 7.16–7.20 (1H, m), 7.43–7.47 (1H, m), 7.59–7.64 (1H, m); MS (CI) m/z [M+H]+ 321. 
 
{3-[4-(Pyridin-3-yl)piperazin-1-yl]phenyl}methanol (77a) 
To a solution of [(3-bromobenzyl)oxy](tert-butyl)dimethylsilane (76a; 200 mg, 0.66 mmol) and 1-(pyridin-3-
yl)piperazine (160 mg, 0.98 mmol) in toluene (4.0 mL) were added Pd2(dba)3 (12.0 mg, 0.013 mmol), BINAP (25.0 
mg, 0.040 mmol), and t-BuONa (90 mg, 0.94 mmol) under an argon atmosphere. The mixture was stirred at 100 °C 
for 1 h. After being cooled to room temperature, the mixture was purified by column chromatography on silica gel 
(hexane/EtOAc) to give 1-[3-({[tert-butyl(dimethyl)silyl]oxy}methyl)phenyl]-4-(pyridin-3-yl)piperazine (235 mg, 
92%). To a solution of 1-[3-({[tert-butyl(dimethyl)silyl]oxy}methyl)phenyl]-4-(pyridin-3-yl)piperazine (230 mg, 
0.60 mmol) in THF (2.0 mL) was added 1 M HCl aqueous solution (2.00 mL, 2.00 mmol). After being stirred at 
room temperature for 5 h, the mixture was diluted with saturated NaHCO3 aqueous solution, and extracted with 
CHCl3. The organic layer was dried over MgSO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel (CHCl3/MeOH) to give the product (155 mg, 96%). 1H NMR (DMSO-d6): δ 3.26–
3.31 (4H, m), 3.32–3.37 (4H, m), 4.46 (2H, d, J = 5.9 Hz), 5.09 (1H, t, J = 5.9 Hz), 6.75–6.80 (1H, m), 6.87 (1H, 
dd, J = 8.0, 2.2 Hz), 6.94–6.99 (1H, m), 7.19 (1H, dd, J = 7.6, 7.6 Hz), 7.21–7.26 (1H, m) 7.39 (1H, ddd, J = 8.5, 
3.0, 1.4 Hz), 8.02 (1H, dd, J = 4.6, 1.3 Hz), 8.37 (1H, d, J = 2.7 Hz); MS (ESI) m/z [M+H]+ 270. 
 
{3-[4-(Pyridin-2-yl)piperazin-1-yl]phenyl}methanol (77b) 
Compound 77b was prepared from 76a and 1-(pyridin-2-yl)piperazine in 96% yield, using a similar approach to 
that described for 77a. 1H NMR (DMSO-d6): δ 3.20–3.26 (4H, m), 3.59–3.66 (4H, m), 4.45 (2H, d, J = 5.9 Hz), 
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5.09 (1H, t, J = 5.8 Hz), 6.64–6.69 (1H, m), 6.75–6.79 (1H, m), 6.84–6.91 (2H, m), 6.94–6.98 (1H, m), 7.18 (1H, 
dd, J = 7.8, 7.8 Hz), 7.56 (1H, ddd, J = 8.8, 7.0, 2.1 Hz), 8.12–8.16 (1H, m); MS (ESI) m/z [M+H]+ 270. 
 
{2-Fluoro-3-[4-(pyridin-3-yl)piperazin-1-yl]phenyl}methanol (77c) 
To a solution of 76b (300 mg, 0.94 mmol) and 1-(pyridin-3-yl)piperazine (184 mg, 1.13 mmol) in toluene (6.0 mL) 
were added Pd2(dba)3 (43.0 mg, 0.047 mmol), BINAP (87.8 mg, 0.14 mmol), and t-BuONa (135 mg, 1.41 mmol) 
under an argon atmosphere. The mixture was stirred at 80 °C for 3 h. After being cooled to room temperature, the 
mixture was diluted with CHCl3, and filtered through a Celite pad. The filtrate was concentrated in vacuo. The 
residue was purified by column chromatography on silica gel (hexane/EtOAc = 7:3 to 3:7) to give 1-[3-({[tert-
butyl(dimethyl)silyl]oxy}methyl)-2-fluorophenyl]-4-(pyridin-3-yl)piperazine (116 mg, 31%) as a yellow oil. To a 
solution of 1-[3-({[tert-butyl(dimethyl)silyl]oxy}methyl)-2-fluorophenyl]-4-(pyridin-3-yl)piperazine (116 mg, 0.29 
mmol) in THF (2.5 mL) was added TBAF (1.0 M in THF, 0.43 mL, 0.43 mmol). After being stirred at room 
temperature for 1 h, the mixture was concentrated in vacuo. The residue was purified by column chromatography 
on silica gel (CHCl3/MeOH = 1:0 to 19:1) to give the product (82 mg, 99%) as a pale yellow oil. 1H NMR (DMSO-
d6): δ 3.12–3.18 (4H, m), 3.33–3.38 (4H, m), 4.51–4.56 (2H, m), 5.19 (1H, t, J = 5.7 Hz), 6.96–7.03 (1H, m), 7.05–
7.15 (2H, m), 7.24 (1H, dd, J = 8.4, 4.5 Hz), 7.38 (1H, ddd, J = 8.5, 3.0, 1.2 Hz), 8.02 (1H, dd, J = 4.5, 1.4 Hz), 
8.36 (1H, d, J = 2.9 Hz); MS (ESI) m/z [M+H]+ 288. 
 
{2-Fluoro-3-[4-(pyridin-3-yloxy)piperidin-1-yl]phenyl}methanol (77d) 
Compound 77d was prepared from 76b and 3-(piperidin-4-yloxy)pyridine in 73% yield as a pale yellow solid, using 
a similar approach to that described for 77c. 1H NMR (DMSO-d6): δ 1.74–1.86 (2H, m), 2.03–2.14 (2H, m), 2.93 
(2H, ddd, J = 11.9, 8.9, 3.0 Hz), 3.21–3.29 (2H, m), 4.50–4.54 (2H, m), 4.64 (1H, tt, J = 8.0, 3.9 Hz), 5.16 (1H, t, J 
= 5.8 Hz), 6.94–7.01 (1H, m), 7.02–7.10 (2H, m), 7.33 (1H, dd, J = 8.4, 4.6 Hz), 7.47 (1H, ddd, J = 8.4, 2.9, 1.2 
Hz), 8.16 (1H, dd, J = 4.6, 1.1 Hz), 8.33 (1H, d, J = 2.9 Hz); MS (ESI) m/z [M+H]+ 303. 
 
{2-Fluoro-3-[3-(pyridin-3-yloxy)azetidin-1-yl]phenyl}methanol (77e)  
Compound 77e was prepared from 76b and 3-(azetidin-3-yloxy)pyridine in 80% yield as a pale yellow oil, using a 
similar approach to that described for 77c. 1H NMR (CDCl3): δ 1.93–2.09 (1H, m), 3.97–4.05 (2H, m), 4.40–4.49 
(2H, m), 4.72 (2H, br d, J = 3.7 Hz), 5.05–5.13 (1H, m), 6.47 (1H, ddd, J = 8.4, 8.4, 1.6 Hz), 6.80–6.89 (1H, m), 
6.97–7.04 (1H, m), 7.11 (1H, ddd, J = 8.4, 2.9, 1.4 Hz), 7.21–7.27 (1H, m), 8.21 (1H, d, J = 2.7 Hz), 8.26 (1H, dd, 
J = 4.6, 1.3 Hz); MS (ESI) m/z [M+H]+ 275. 
 
3-[4-(Pyridin-3-yl)piperazin-1-yl]benzyl carbamimidoylcarbamate trihydrochloride (78a)  
Compound 78a was prepared from 77a in 72% yield as a beige solid, using a similar approach to that described for 
66e. 1H NMR (DMSO-d6): δ 3.31–3.43 (4H, m), 3.54–3.66 (4H, m), 5.20 (2H, s), 6.91 (1H, d, J = 7.6 Hz), 7.07 
(1H, dd, J = 8.3, 1.9 Hz), 7.11–7.15 (1H, m), 7.30 (1H, dd, J = 7.8, 7.8 Hz), 7.87 (1H, dd, J = 8.9, 5.4 Hz), 8.01–
8.31 (3H, m), 8.22 (1H, d, J = 5.3 Hz), 8.53 (2H, br s), 8.53 (1H, d, J = 2.9 Hz), 11.68 (1H, br s); MS (ESI) m/z 
[M+H]+ 355; Anal. Calcd for C18H22N6O2∙2.9HCl∙1.3H2O: C, 44.71; H, 5.73; N, 17.38; Cl, 21.26. Found: C, 44.64; 
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H, 5.49; N, 17.34; Cl, 21.49. 
 
3-[4-(Pyridin-2-yl)piperazin-1-yl]benzyl carbamimidoylcarbamate trihydrochloride (78b)  
Compound 78b was prepared from 77b in 78% yield as a colorless solid, using a similar approach to that described 
for 66e. 1H NMR (DMSO-d6): δ 3.37–3.46 (4H, m), 3.89–3.99 (4H, m), 5.20 (2H, s), 6.89 (1H, d, J = 7.4 Hz), 6.97–
7.02 (1H, m), 7.04 (1H, dd, J = 8.2, 2.0 Hz), 7.08–7.13 (1H, m), 7.29 (1H, dd, J = 7.9, 7.9 Hz), 7.48 (1H, d, J = 9.5 
Hz), 8.01–8.09 (2H, m), 8.15 (2H, br s), 8.55 (2H, br s), 11.68 (1H, br s); MS (ESI) m/z [M+H]+ 355; Anal. Calcd 
for C18H22N6O2∙2.9HCl∙1.5H2O: C, 44.38; H, 5.77; N, 17.25; Cl, 21.10. Found: C, 44.54; H, 5.89; N, 16.87; Cl, 
21.31. 
 
2-Fluoro-3-[4-(pyridin-3-yl)piperazin-1-yl]benzyl carbamimidoylcarbamate  (2R, 3R)-tartrate (78c)  
Compound 78c was prepared from 77c in 74% yield as a colorless solid, using a similar approach to that described 
for 66c. 1H NMR (DMSO-d6): δ 3.10–3.23 (4H, m), 3.31–3.42 (4H, m), 4.20 (2H, s, tartaric acid), 5.07 (2H, s), 
6.99–7.18 (3H, m), 7.24 (1H, dd, J = 8.4, 4.5 Hz), 7.27 (4H, br s), 7.38 (1H, ddd, J = 8.5, 3.0, 1.2 Hz), 8.03 (1H, dd, 
J = 4.5, 1.4 Hz), 8.36 (1H, d, J = 2.9 Hz); MS (ESI) m/z [M+H]+ 373; HRMS (ESI) m/z Calcd for C18H22FN6O2 
[M+H]+: 373.1783, Found: 373.1781. 
 
2-Fluoro-3-[4-(pyridin-3-yloxy)piperidin-1-yl]benzyl carbamimidoylcarbamate (2R, 3R)-tartrate (78d)  
Compound 78d was prepared from 77d in 65% yield as a colorless solid, using a similar approach to that described 
for 66c. 1H NMR (DMSO-d6): δ 1.75–1.85 (2H, m), 2.05–2.14 (2H, m), 2.90–3.01 (2H, m), 3.21–3.33 (2H, m), 4.20 
(2H, s, tartaric acid), 4.65 (1H, tt, J = 7.9, 3.8 Hz), 5.03 (2H, s), 6.90–7.13 (3H, m), 7.17 (4H, br s), 7.33 (1H, dd, J 
= 8.4, 4.6 Hz), 7.47 (1H, ddd, J = 8.5, 2.9, 1.3 Hz), 8.17 (1H, dd, J = 4.5, 1.2 Hz), 8.33 (1H, d, J = 3.1 Hz); MS 
(ESI) m/z [M+H]+ 388; HRMS (ESI) m/z Calcd for C19H23FN5O3 [M+H]+: 388.1779, Found: 388.1777. 
 
2-Fluoro-3-[3-(pyridin-3-yloxy)azetidin-1-yl]benzyl carbamimidoylcarbamate hemi(2R, 3R)-tartrate (78e)  
Compound 78e was prepared from 77e in 54% yield as a colorless solid, using a similar approach to that described 
for 66c. 1H NMR (DMSO-d6): δ 3.88 (2H, dd, J = 8.1, 4.2 Hz), 4.18 (1H, s, tartaric acid), 4.38–4.48 (2H, m), 5.01 
(2H, s), 5.17–5.26 (1H, m), 6.54–6.62 (1H, m), 6.73–6.81 (1H, m), 7.01 (1H, dd, J = 7.7, 7.7 Hz), 7.20 (4H, br s), 
7.31–7.39 (2H, m), 8.23 (1H, dd, J = 4.2, 1.9 Hz), 8.26–8.29 (1H, m); MS (ESI) m/z [M+H]+ 360; HRMS (ESI) m/z 
Calcd for C17H19FN5O3 [M+H]+: 360.1466, Found: 360.1464. 
 
 
tert-Butyl 4-[3-({[tert-butyl(dimethyl)silyl]oxy}methyl)phenyl]piperazine-1-carboxylate (79) 
To a solution of 76a (2.00 g, 6.64 mmol) in toluene (20 mL) were added 1-Boc-piperazine (1.80 g, 9.66 mmol), 
Pd2(dba)3 (120 mg, 0.13 mmol), BINAP (250 mg, 0.40 mmol), and t-BuONa (900 mg, 9.37 mmol) under an argon 
atmosphere. The mixture was stirred at 100 °C for 1 h. After being cooled to room temperature, the mixture was 
diluted with H2O and extracted with CHCl3. The organic layer was dried over MgSO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (hexane/EtOAc) to give the product (2.69 g, 
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quantitative yield) as a yellow-brown oil. 1H NMR (DMSO-d6): δ 0.07 (6H, s), 0.90 (9H, s), 1.42 (9H, s), 3.02–3.12 
(4H, m), 3.41–3.49 (4H, m), 4.65 (2H, s), 6.76 (1H, d, J = 7.4 Hz), 6.79–6.89 (2H, m), 7.18 (1H, dd, J = 7.8, 7.8 
Hz); MS (ESI) m/z [M+H]+ 407. 
 
{3-[4-(Tetrahydro-2H-pyran-4-yl)piperazin-1-yl]phenyl}methanol (80) 
To a solution of 79 (2.69 g, 6.62 mmol) in MeOH (30 mL) was added 4 M HCl/EtOAc (10.0 mL, 40.0 mmol). After 
being stirred at room temperature overnight, the mixture was cooled to 0 °C. The resulting precipitate was filtered 
and washed with EtOAc to give [3-(piperazin-1-yl)phenyl]methanol dihydrochloride (1.51 g, 86%) as a solid. [3-
(piperazin-1-yl)phenyl]methanol dihydrochloride (240 mg, 0.91 mmol) was diluted with saturated NaHCO3 
aqueous solution, and extracted with CHCl3. The organic layer was dried over MgSO4, and concentrated in vacuo. 
To a solution of the residue in CH2Cl2 (5.0 mL) were added tetrahydro-4H-pyran-4-one (100 mg, 1.00 mmol) and 
AcOH (0.16 mL, 2.80 mmol). After being stirred at room temperature for 15 min, NaBH(OAc)3 (576 mg, 2.72 
mmol) was added at 0 °C. After being stirred at room temperature for 5 h, the mixture was diluted with H2O and 
saturated NaHCO3 aqueous solution, and extracted with CHCl3. The organic layer was washed with water, dried 
over MgSO4, and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(CHCl3/MeOH) to give the product (45.0 mg, 18%). 1H NMR (DMSO-d6): δ 1.41 (2H, dddd, J = 12.1, 12.1, 12.1, 
4.4 Hz), 1.70–1.78 (2H, m), 2.34–2.44 (1H, m), 2.58–2.65 (4H, m), 3.07–3.14 (4H, m), 3.24–3.34 (2H, m), 3.85–
3.93 (2H, m), 4.43 (2H, d, J = 5.7 Hz), 5.06 (1H, t, J = 5.8 Hz), 6.70–6.74 (1H, m), 6.75–6.80 (1H, m), 6.86–6.89 
(1H, m), 7.14 (1H, dd, J = 7.8, 7.8 Hz); MS (ESI) m/z [M+H]+ 277. 
 
3-[4-(Tetrahydro-2H-pyran-4-yl)piperazin-1-yl]benzyl carbamimidoylcarbamate (2R, 3R)-tartrate (81)  
Compound 81 was prepared from 80 in 27% yield as a colorless solid, using a similar approach to that described 
for 66c. 1H NMR (DMSO-d6): δ 1.46 (2H, dddd, J = 12.1, 12.1, 12.1, 4.4 Hz), 1.74–1.84 (2H, m), 2.53–2.64 (1H, 
m), 2.70–2.79 (4H, m), 3.14–3.21 (4H, m), 3.24–3.34 (2H, m), 3.91 (2H, dd, J = 11.0, 3.7 Hz), 4.21 (2H, s, tartaric 
acid), 5.00 (2H, s), 6.77 (1H, d, J = 7.4 Hz), 6.85–6.95 (2H, m), 7.20 (1H, dd, J = 7.8, 7.8 Hz), 7.46 (4H, br s); MS 
(ESI) m/z [M+H]+ 362; HRMS (ESI) m/z Calcd for C18H28N5O3 [M+H]+: 362.2187, Found: 362.2185. 
 
3-(Azetidin-3-yloxy)-2-methylpyridine (84a) 
To a solution of 2-methylpyridin-3-ol (82; 450 mg, 4.12 mmol) and tert-butyl 3-iodoazetidine-1-carboxylate (1.00 
g, 3.53 mmol) in DMF (10 mL) was added K2CO3 (1.70 g, 12.3 mmol). The mixture was stirred at 100 °C for 6 h. 
After being cooled to room temperature, the mixture was concentrated in vacuo. The residue was diluted with 
saturated NaHCO3 aqueous solution, and extracted with CHCl3. The organic layer was dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCl3/MeOH) to give 
tert-butyl 3-[(2-methylpyridin-3-yl)oxy]azetidine-1-carboxylate. To a solution of tert-butyl 3-[(2-methylpyridin-3-
yl)oxy]azetidine-1-carboxylate in DCE (10 mL) was added TFA (3.0 mL, 39.2 mmol). After being stirred at room 
temperature for 3 h, the mixture was concentrated in vacuo. The residue was diluted with 1M NaOH aqueous 
solution, and extracted with CHCl3. The organic layer was dried over Na2SO4, and concentrated in vacuo to give 
the product (392 mg, 68%) as a colorless oil. 1H NMR (CDCl3): δ 1.94 (1H, s), 2.49 (3H, s), 3.78–3.86 (2H, m), 
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3.91–3.99 (2H, m), 4.93–5.02 (1H, m), 6.77 (1H, dd, J = 8.2, 1.2 Hz), 7.04 (1H, dd, J = 8.2, 4.9 Hz), 8.09 (1H, dd, 
J = 4.9, 1.2 Hz); MS (ESI) m/z [M+H]+ 165. 
 
5-(Azetidin-3-yloxy)-2-methylpyridine (84b) 
To a solution of 6-methylpyridin-3-ol (83; 570 mg, 5.22 mmol) and tert-butyl 3-hydroxyazetidine-1-carboxylate 
(1.00 g, 5.77 mmol) in THF (10 mL) were added PPh3 (2.30 g, 8.77 mmol) and DIAD (1.9 M in toluene, 4.50 mL, 
8.55 mmol). The mixture was stirred at 55 °C overnight. After being cooled to room temperature, the mixture was 
concentrated in vacuo. The residue was diluted with EtOAc, and extracted with 1 M HCl aqueous solution. The 
aqueous layer was basified with 4 M NaOH aqueous solution, and extracted with CHCl3. The organic layer was 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on silica gel 
(CHCl3/MeOH) to give tert-butyl 3-[(6-methylpyridin-3-yl)oxy]azetidine-1-carboxylate. To a solution of tert-butyl 
3-[(6-methylpyridin-3-yl)oxy]azetidine-1-carboxylate in DCE (6.0 mL) was added TFA (3.0 mL, 39.2 mmol). After 
being stirred at room temperature for 5 h, the mixture was concentrated in vacuo. The residue was diluted with 1M 
NaOH aqueous solution, and extracted with CHCl3. The organic layer was dried over Na2SO4, and concentrated in 
vacuo to give the product (269 mg, 31%) as a colorless oil. 1H NMR (CDCl3): δ 1.82–1.93 (1H, m), 2.48 (3H, s), 
3.76–3.83 (2H, m), 3.89–3.96 (2H, m), 4.95–5.04 (1H, m), 6.98 (1H, dd, J = 8.5, 2.9 Hz), 7.05 (1H, d, J = 8.6 Hz), 
8.06 (1H, d, J = 2.9 Hz); MS (ESI) m/z [M+H]+ 165. 
 
(2-Fluoro-3-{3-[(2-methylpyridin-3-yl)oxy]azetidin-1-yl}phenyl)methanol (85a) 
Compound 85a was prepared from 84a and 76b in 89% yield as a pale yellow oil, using a similar approach to that 
described for 77c. 1H NMR (CDCl3): δ 1.98, (1H, br s), 2.49 (3H, s), 3.98–4.05 (2H, m), 4.41–4.50 (2H, m), 4.72 
(2H, s), 5.01–5.09 (1H, m), 6.43–6.51 (1H, m), 6.80–6.88 (2H, m), 7.01 (1H, dd, J = 7.8, 7.8 Hz), 7.08 (1H, dd, J = 
8.1, 4.8 Hz), 8.12 (1H, dd, J = 4.8, 1.1 Hz); MS (ESI) m/z [M+H]+ 289. 
 
(2-Fluoro-3-{3-[(6-methylpyridin-3-yl)oxy]azetidin-1-yl}phenyl)methanol (85b) 
Compound 85b was prepared from 84b and 76b in 71% yield as a pale yellow oil, using a similar approach to that 
described for 77c. 1H NMR (CDCl3): δ 1.82–1.96 (1H, br m), 2.50 (3H, s), 3.95–4.03 (2H, m), 4.38–4.46 (2H, m), 
4.72 (2H, br d, J = 2.2 Hz), 5.02–5.09 (1H, m), 6.43–6.51 (1H, m), 6.79–6.87 (1H, m), 6.96–7.11 (3H, m), 8.08 (1H, 
d, J = 2.7 Hz); MS (ESI) m/z [M+H]+ 289. 
 
2-Fluoro-3-{3-[(2-methylpyridin-3-yl)oxy]azetidin-1-yl}benzyl carbamimidoylcarbamate (2R, 3R)-tartrate 
(86a)  
Compound 86a was prepared from 85a in 83% yield as a colorless solid, using a similar approach to that described 
for 66c. 1H NMR (DMSO-d6): δ 2.39 (3H, s), 3.38–3.92 (2H, m), 4.21 (2H, s, tartaric acid), 4.40–4.48 (2H, m), 5.03 
(2H, s), 5.13–5.21 (1H, m), 6.52–6.64 (1H, m), 6.74–6.83 (1H, m), 7.01 (1H, dd, J = 7.4, 7.4 Hz), 7.13–7.22 (2H, 
m), 7.35 (4H, br s), 8.05 (1H, dd, J = 4.1, 2.0 Hz); MS (ESI) m/z [M+H]+ 374; HRMS (ESI) m/z Calcd for 
C18H21FN5O3 [M+H]+: 374.1623, Found: 374.1622. 
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2-Fluoro-3-{3-[(6-methylpyridin-3-yl)oxy]azetidin-1-yl}benzyl carbamimidoylcarbamate (2R, 3R)-tartrate 
(86b)  
Compound 86b was prepared from 85b in 74% yield as a colorless solid, using a similar approach to that described 
for 66c. 1H NMR (DMSO-d6): δ 2.40 (3H, s), 3.81–3.91 (2H, m), 4.21 (2H, s, tartaric acid), 4.35–4.45 (2H, m), 5.03 
(2H, s), 5.12–5.21 (1H, m), 6.53–6.63 (1H, m), 6.73–6.82 (1H, m), 7.01 (1H, dd, J = 7.8, 7.8 Hz), 7.16–7.28 (2H, 
m), 7.40 (4H, br s), 8.12 (1H, d, J = 2.5 Hz); 13C-NMR (126 MHz, DMSO-d6) δ: 22.89, 59.74, 59.94 (d, J = 5.5 Hz), 
67.34 (d, J = 2.0 Hz), 72.03 (tartaric acid), 114.53 (d, J = 4.3 Hz), 118.99 (d, J = 2.3 Hz), 122.07, 123.41, 124.05 
(d, J = 3.8 Hz), 124.05 (d, J = 12.2 Hz), 136.43, 138.65 (d, J = 10.6 Hz), 149.64 (d, J = 242.4 Hz), 150.36, 150.75, 
158.93, 159.86, 173.84 (tartaric acid); MS (ESI) m/z [M+H]+ 374; HRMS (ESI) m/z Calcd for C18H21FN5O3 
[M+H]+: 374.1623, Found: 374.1620. 
 
Molecular modeling 
 
Human VAP-1 model 
A side-chain conformational search and minimization for Leu469 of the three-dimensional (3D) structure of VAP-
1 with TPQ in an active conformation (PDB-code: 2C11,37) resolution: 2.90 Å) was performed using the Low Mode 
MD38) function in the Molecular Operating Environment (MOE) program24a with an MMFF94x forcefield. The 
bound 2-hydrazinopyridine ligand was then deleted. 
 
Docking study 
The ligand molecules were prepared using LigPrep39) and Confgen40), and the energy-minimized conformation was 
used to input molecules into the follow docking calculations. Compounds were docked to the human VAP-1 model 
using the docking program GOLD version 5.2.41) The ligand-binding pocket was defined using CβH from Leu468 
as the central atom with a radius of 20 Å. The ligand was docked covalently to nitrogen atom N1 of PAQ1729 (PAQ 
is used PDB entry 2C1137)) to assign TPQ and the ligand. Each ligand was docked 10 times. 
 
Calculation of atomic charge distribution 
The docking results of compound 4g and 36b with the human VAP-1 model were used. The electrostatic potential-
fitted atomic partial charges were calculated using Amber10:EHT forcefield in MOE. Analytic Connolly surfaces 
that surrounded the Van der Waals surfaces of the ligands or receptor were generated and colored red for negative 
charge and blue for positive charge using the program MOE. 
 
Pharmacology 
 
Inhibitory effect on human and rat VAP-1 enzyme activity 
Human and rat VAP-1 enzyme activity was measured by a radiochemistry-enzymatic assay using 14C-benzylamine 
(American Radiolabeled Chemicals, STL, USA).42) An enzyme suspension prepared from CHO (Chinese Hamster 
Ovary) cells expressing a human or rat VAP-1 enzyme was preincubated with the test compound in a 96-well 
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microplate at room temperature for 20 min. Subsequently, the enzyme suspension was incubated with 14C-
benzylamine (final concentration of 110-5 mol/L) to a final volume of 50 L at 37 C for 1 h. The enzymatic 
reaction was stopped by the addition of 2 mol/L (50 L) of citric acid. The oxidation products were extracted directly 
in a 200-L toluene scintillator, and the radioactivity was measured with a scintillation spectrometer. 
 
Inhibitory effect on plasma VAP-1 enzyme activity in rat 
Male Wistar rats were purchased from Japan Charles River Laboratories (Yokohama, Japan). Blood samples for the 
measurement of VAP-1 activity were collected via the tail vein under diethyl ether anesthesia through a heparinized 
capillary. Blood was sampled before and 1 h after the oral administration of test compounds. The collected blood 
was placed into sampling tubes (1.5 mL), cooled in iced water and centrifuged at 4 °C to obtain plasma. The resulting 
plasma was stored at -80 °C until measurement of plasma VAP-1 activity. 
Plasma VAP-1 activity was measured using a radioenzyme assay with a substrate of 14C-benzylamine (American 
Radiolabeled Chemicals, STL, USA).42) Total VAP-1 activity was measured by reacting a mixture of 100 µL rat 
plasma with 10 µL 14C-benzylamine at 37 °C for 2 h, and non-specific activity was measured with 10 µL FR299676 
(a specific VAP-1 inhibitor; Astellas Pharma Inc., 1 mmol/L) under the same conditions. Radioactivity of the 
reaction metabolite (14C-benzaldehyde) was measured with a liquid scintillation counter (TRI-CARB 2100TR; 
Perkin Elmer Japan, Yokohama, Japan). Total and non-specific VAP-1 activities (pmol) were calculated using the 
measured radioactivity and the radioactivity of a standard with 14C-benzylamine. Plasma VAP-1 activity and 
inhibition ratio were calculated by the following formula: 
Plasma VAP-1 activity (pmol/mL/h) = [total activity (pmol) – non-specific activity (pmol)] × [1000/100 (μL)]/2 (h). 
Inhibition ratio (%) = [Plasma VAP-1 activity (before dosing) − Plasma VAP-1 activity (1 h or 6 h after 
dosing)]/Plasma VAP-1 activity (before dosing) × 100 
 
Effect on proteinuria in STZ rat 
Male Sprague Dawley (SD) rats (6 week-old) were purchased from Japan Charles River Laboratories (Yokohama, 
Japan). Following 1 week of adaptation, the animals were weighed and injected intraperitoneally with 65 mg/kg 
streptozotocin (STZ, Sigma) in citrate-buffered saline (pH 4.5). The other group underwent sham treatment with 
citrate-buffered saline. Three days after the STZ injection, grouping was performed based on plasma glucose (pGlu) 
and body weight (BW). Group compositions were as follows: (1) sham with vehicle (0.5%MC), (2) STZ with 
vehicle, (3) STZ with 47h (0.1 mg/kg), (4) STZ with 47h (0.3 mg/kg) and (5) STZ with 47h (1 mg/kg). Oral 
administration (5 mL/kg) was conducted once daily (qd) in the morning, and begun on the day after grouping and 
continued for 4 weeks. 
Urine and blood samples were collected in the fourth week. Urine samples were collected with a metabolic cage for 
24 h, and urine volume was measured with a graduated cylinder. Urinary protein was measured by Bradford’s 
colorimetric assay (Bio-Rad Protein Assay Kit, Tokyo, Japan) using a SPECTRA max® M2. The blood sample for 
the measurement of plasma VAP-1 activity was collected via the suborbital plexus under diethyl ether anesthesia.  
Plasma VAP-1 activity was measured using a radioenzyme assay using a substrate of 14C-benzylamine (American 
Radiolabeled Chemicals, STL, USA).42) Total VAP-1 activity was measured by reacting a mixture of 50 µL rat 
 108 
 
plasma with 10 µL 14C-benzylamine at 37 °C for 1 h, and non-specific activity was measured with 10 µL FR299676 
(a specific VAP-1 inhibitor, 1 mmol/L) under the same conditions. Radioactivity of the reaction metabolite (14C-
benzaldehyde) was measured with a liquid scintillation counter (TRI-CARB 2100TR, Perkin Elmer Japan, Osaka, 
Japan). Total and non-specific VAP-1 activities (pmol) were calculated using the measured radioactivity and the 
radioactivity of a standard with 14C-benzylamine. Urinary protein excretion and plasma VAP-1 activity were 
calculated by the following formula: 
Urinary protein excretion (mg/d) = urine protein (mg/mL) × urine volume (mL/d) 
Plasma VAP-1 activity (pmol/mL/h) = [total activity (pmol) − non-specific activity (pmol)] × [1000/50 (µL)]/1(h) 
 
Permeability study using artificial membrane 
Parallel artificial membrane permeability assays (PAMPA) conducted in this study used the PAMPA Evolution 
from pION Inc. (Billerica, MA). In this assay, a “sandwich” is formed from a 96-well microtiter plate (pION Inc.) 
and a 96-well filter plate (pION Inc.), so that each composite well is divided into two chambers, with a donor at the 
bottom and an acceptor at the top, separated by a microfilter disc coated with lipid (pION Inc.) in each well. Drug 
samples were introduced as a 10 mM dimethyl sulfoxide (DMSO) stock solution in a 96-well polypropylene 
microtiter plate. The robotic liquid handling system draws a 5 L aliquot of the DMSO stock solution and mixes it 
into an aqueous buffer solution of 10% (v/v) DMSO to attain a final typical sample concentration of 50 M. The 
drug solutions were filtered using a 96-well filter plate (polyvinylidene fluoride; Corning Inc., Corning, NY) and 
added to the donor compartments. The donor solution was adjusted to pH 6.5 (NaOH-treated buffer; pION Inc.), 
whereas the acceptor solution had a pH of 7.4 (pION Inc.). The plates were sandwiched together and incubated at 
room temperature for 2 h in a humidity-saturated atmosphere. After incubation, the sandwiched plates were 
separated, and both the donor and acceptor compartments were assayed for the amount of material present by 
comparison of the peak heights by HPLC. Mass balance, which is the difference between the reference and the sum 
of the donor and acceptor, was used to determine the amount of material remaining in the membrane barrier. The 
permeability (Pe) was calculated using PAMPA Evolution software (pION Inc.). 
 
Inhibitory effect on CYP activity 
Each test compound (5 μM) was co-incubated with phenacetin (20 μM), amodiaquine (0.1 μM), diclofenac (10 μM), 
S-mephenytoin (30 μM), dextromethorphan (7 μM), and midazolam (1.5 μM) in a reaction medium containing 0.1 
mg/mL human liver microsomes, 100 mM Na-K phosphate buffer (pH 7.4), 0.1 mM EDTA, and 1 mM NADPH at 
37 °C for 20 min. At the end of the incubation, the reaction was terminated by the addition of 80% acetonitrile 
aqueous solution. The concentrations of acetaminophen, desethylamodiaquine, 4'-hydroxydiclofenac, 4’-
hydroxymephenytoin, dextrorphan, and 1’-hydroxymidazolam were determined by LC-MS/MS analysis to monitor 
CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 activity, respectively. Inhibition of CYP1A2, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 activity was assessed by comparing the amount of these 
metabolites formed in the presence and absence of the test compound. Residual activities were calculated using the 
following equation. 
% Residual activity = Activity compound/Activity vehicle × 100 
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where activity compound is the activity in the presence of the test compound, and activity vehicle is the activity in 
the absence of the test compound. 
 
Aqueous solubility 
Small volumes of the test compounds in DMSO were diluted to 130 μM by adding Japanese Pharmacopoeia 2nd 
fluid for disintegration test (JP2; pH = 6.8). After incubation at 25 °C for 20 h, precipitates were separated by 
filtration. The solubility was determined by HPLC analysis of each filtrate. 
 
Stability in rat blood 
Male Wistar rats were purchased from Charles River Laboratories Japan, Inc. (Yokohama, Japan). Blood was 
collected from the abdominal artery using heparin as an anticoagulant. Test compound solution was added to the 
blood to prepare blood samples of 1 µg/mL, and then the blood sample was incubated at 37 °C for up to 6 h (n = 3). 
After incubation, test compound in the blood samples was extracted by deproteination with acetonitrile, and then 
analyzed by LC-MS/MS. 
 
Stability in plasma 
Test compounds (2 μM) were incubated in pooled blank plasma of male Wistar rats, male beagle dogs, male 
cynomolgus monkeys, or male humans at 37 °C for 6 h. The test compound in the plasma sample was extracted by 
deproteination with acetonitrile before and after the incubation, and analyzed by LC-MS/MS. 
 
Pharmacokinetic study 
 
Compound 2 and 4g 
Male Wistar rats were purchased from Charles River Laboratories Japan, Inc. (Yokohama, Japan). Rats were fasted 
for approximately 17 h before dosing. Compound 2 or 4g was administered to rats (n = 3) either intravenously (iv) 
or orally (po) at a dose of 1 mg/kg. For the iv study, test compound was prepared as a solution of 10% DMF, 10% 
propylene glycol and 80% saline. For the po study, test compound was prepared as a solution of 10% DMF, 10% 
propylene glycol and 80% water. Blood was collected from the vein using heparin as an anticoagulant, immediately 
chilled on ice, and centrifuged to obtain plasma fraction. Test compound in plasma samples were extracted by 
deproteination with acetonitrile, and then analyzed by LC-MS/MS. Pharmacokinetic parameters were calculated 
from plasma concentrations of test compound using the non-compartmental analysis model. 
 
Compound 47h 
Male Wistar rats were purchased from Charles River Laboratories Japan, Inc. (Yokohama, Japan). Rats were fasted 
for approximately 18 h before dosing. Compound 47h was administered to rats (n = 3) either intravenously (iv) or 
orally (po) at a dose of 1 mg/kg. For the iv study, test compound was prepared as a solution of 5% DMSO in water. 
For the po study, test compound was prepared as a solution of propylene glycol (PG) solvent/30%(w/v) 2-
hydroxypropyl-β-cyclodextrin/1M HCl aqueous solution/water [3:4:1:2] (PG solvent: Tween80/HCO-40/PG = 
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1:2:4). Blood was collected from the vein using heparin as an anticoagulant, immediately chilled on ice, and 
centrifuged to obtain the plasma fraction. Test compound in plasma samples was extracted by deproteination with 
acetonitrile, and then analyzed by LC-MS/MS. Pharmacokinetic parameters were calculated from plasma 
concentrations of test compound using the non-compartmental analysis model. 
 
Compound 86b 
Male SD rats were purchased from Charles River Laboratories Japan, Inc. (Yokohama, Japan). Male beagle dogs 
were purchased from Marshall BioResources Japan, Inc. (Ibaraki, Japan). Male cynomolgus monkeys were 
purchased from Japan Laboratory Animals, Inc. (Tokyo, Japan). Animals were fasted for approximately 17 h before 
dosing. Compound 86b was administered to rats (n = 3), dogs (n = 3), and monkeys (n = 3) either intravenously (iv) 
or orally (po) at doses of 1 mg/kg (rats) and 0.2 mg/kg (dogs and monkeys). For the iv study, the test compound 
was prepared as a solution of saline containing 20% DMF and 20% propylene glycol. For the po study, the test 
compound was prepared as a solution of water containing 20% DMF and 20% propylene glycol. Blood was collected 
from the vein using heparin as an anticoagulant, immediately kept at 4 °C or chilled on ice, and centrifuged to obtain 
the plasma fraction. The test compound in plasma samples was extracted by deproteination with acetonitrile and 
analyzed by LC-MS/MS. Pharmacokinetic parameters were calculated from plasma concentrations of test 
compound using the non-compartmental analysis model. 
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